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Chapter 1. Statement of Problem

The present study is concerned with the course of

development of intellectual functioning in brain damaged

children. The method of study is both cross-sectonal and

longitudinal

Children with certain kinds of behavioral dis-

turbances and learning disorders have increasingly been

categorized both in clinical and educational situations

as "brain damaged," "perceptually impaired," "hyper-

kinetic," and by a variety of other euphemistic labels.

Clements (1966) in summarizing the literature for a

special joint commission on cerebral dysfunction has pointed

out that in published reports one can find a wide variety

of names for what are presumably similai groups of child-

ren and that approximately 100 symptoms and symptom com-

plexes are attributed to them. Simultaneous with the

development of clinical and educational classifications

parental special interest groups have emerged and educa-

tional theories have evolved. These ideas and events

have resulted in the establishment of an educational cate-

gory of brain injury, the formation of special classes and

even of special schools for such children. In addition, a

1
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diversified set of curricula for such special groups are

currently available and are the object of discussion and

controversy. Clearly, no uniform teaching procedures

have been universally accepted.

Despite this growth of special classes and despite

the widespread recognition that children classified as

brain damaged constitute a most heterogeneous aggregation

(Birch, 1964; Bortner, 1968), little effort has yet been

made to divide this group intb more meaningful educational

categories. Until such sub-division is made the assess-

ment of effective curricula is impossible, and our educa-

tional planning will be cbscured by conflicting reports on

the success or failure of different methods of instruction

always special but never demonstrably pertinent or appro-

priate to the learning styles or potentials of the children

to whom they happen to be applied.

It is
-
necessary, in order to arrive at rational

curricula, to have a clearer understanding of the course

of cognitive growth in children with neurological impair-

ment. It is also necessary to have more clearly defined

objectives regarding the kinds of alteration in develop-

mental course the instructional intervention is designed

to help. To do this requires depicting the course of cog-

nitive growth in neurologically impaired children.

22
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In the present research a first step is taken in

delineating a basis for meaningful educational classifica-

tion by analyzing one set of abilities central to learning,

i.e. intellectual competence described in terms of pattern-

ing and growth. It is hoped that this analysis will con-

---tribbte-to a usefal-basis for pertinent sub-division of

the children who have been globally classified as brain

damaged.

Despite the over-inclusive nature of the deficits

described for brain damaged children and the lack of agree-

ment in the literature on all points, there is good agree-

ment on several issues which are clearly basic to the

educational process. Attention and concentration are

frequentlylimpaired, motoric rhythm is disrupted and

intellectual functioning is inadequate and uneven. The

present study is concerned with this last area.

Growth of Intelligence

Developmental psychology has given a significant

amount of attention to the question of how intelligence

grows in normal children. The Berkely Growth Studies

determined growth of intelligence through longitudinal

study of children in the age range 1 month through 18

years. A partial listing of the publications that stemmed

from this project is found in Bayley and Jones (1941).
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Many other investigators have demonstrated interest in this

problem area and their names area good indicator of the

merits of the research area: Shuttleworth (1939), Freeman

and Flory (1937), Goodenough and Maurer (1942), and

Escalona and Heider (1959). Unfortunately, comparable

studies on the growth of intelligence in children with

neurological impairment do not exist. The present research

is an approach to this neglected area.

It is important to note that none of the standard

texts on exceptional children, e.g., Dunn (1973), or Kirk

(1962), which contain chapters on retarded and neurologi-

cally impaired children contain any information on the

growth of intelligence in these children. A few studies

have appeared which showed interest in the intellectual

growth of retarded, neurologically impaired children.

Baumann et al. (1962) reported a follow-up of children

aged 5-12 evaluated psychologically, phYsically, psychia-

trically and neurologically. However, only 19 children

were available for intensive re-evaluation. I .Drillen?s

study (1961) re-testing was done with children 2-5 years of

age, but the emphasis was on the detection of difficulties

associated with prematurity. Knobloch and Pasamanick

(1960) were interested in the predictability of abnormality

at early age levels, and found Gesell testing at one month

predictive of abnormality at 10 months of age and these in

2 4
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turn to be predictive of intellectual function at three

years of age. Several studies (Denhof, Holden and Silver,

1956; Meyer and Crothers, 1953) were concerned with the

validity of a variety of forecasts and have reported these

, for intellectual status as being reasonably accurate. Un-

like the findings for normal children, studies of neuro-

logically impaired children do demonstrate the predictive

value of testing in earlier years for later performance

(Knobloch and Pasamanick, 1960).

In all these studies the emphasis was on the relia-

bility of total test-retest or the prognostic value of an

IQ at a given point in time in the child's development.

Intellectual status as a global entity was viewed in rela-

tion to other gross measures such as physical growth or

neurological status. No attention was given to aspects of

intellectual function. The present report will deal with

these issues in the section entitled "Growth and Prediction."

Variability and Consistency

It is important to know something of the varia-

bility and consistency of a group's intellectual .functioning

in order to plan educationally for them. Wide ranging

variability in function for a group at a given age level

will clearly require a somewhat different teaching approach

than would be the .case for a group which evidences greater

25
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homogeneity and a narrow range of ability. Similarly, if

we know that a given child maintains his status over the

years relative to his peer group on a particular intel-

lectual function, then special emphasis can be planned to

offset known (and consistently maintained) deficits. If

instead, inconsistency is observed, and the deficits of

today become the relative strengths of tomorrow, a dif-

ferent, more flexible (and more complex) instructional

program will need to be planned.

Consistency of intellectual status through time in

normal children was reported by Bayley (1949) as being

high. Correlations between repeats of the same test

averaged .89 and correlations between different tests

averaged .87. Stability of total test scores in longi-

tudinally studied samples of normal children have been

found to depend on three variables: the age of the child

at the first testing, the interval between tests and the

intelligence level of the child (Bayley, 1949; Ebert and

Simmons, 1943; Honzik, 1938; McNemar, 1942).

The consistency of intellectual functioning in

neurologically impaired children remains unknown. This

problem may be re-stated as follows: What happens to the

relative position of a child within his peer group both in

terms of general intelligence test scores and in terms of

specific aspects of intellectual functioning? The present
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report will deal with these issues in the section entitled

"Stability & Change."

Patterns of Ability

It is important to document the pattern of the

child's abilities in conjunction with his general level of

functioning. No statement of level alone can ever fully

describe the relative strengths and weaknesses of a child's

intellectual functioning. Moreover, it is evident that

within groups placed together because of homogeneity of

general intellectual level there are wide disparities in

individual abilities. Only a knowledge of the pattern of

abilities that characterizes the child can adequately pre-

pare the teacher for the job of devising appropriate

instructional procedures. Hence, a knowledge of patterns

of ability leads ultimately to more rational educational

planning.

Intelligence is not a unitary and homogeneous

entity, but is instead composed of a variety of abilities

(Bayley, 1949; Conrad et al., 1944; Hofstaetter, 1954;

Pinneau, 1960). The finding of variability with age leads,

of course, to the question of the prediC--Eive value of

scores at earlier ages for later ages. Whereas infant IQs

are not predictive of school age IQs in normal and superior

children, they are highly predictive for neurologically

27
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impaired children (Pasamanick and Knobloch, 1960; Escalona

and Moriarty, 1961). These earlier studies were generally

concerned with overall scores. When patterns of scores

ware analyzed, it was largely for the theoretically moti-

vated concern with the structure of intelligence itself as

in the various factor analytic studies (Cohen, 1959;

Meyers et al., 1962; Balinsky, 1941). Some work has also

been done to analyze intellectual factors in subnormal

samples (Baumeister, 1964; Baumeister and Bartlett, 1962a;

Baumeister and Bartlett, 1962b) but not specifically with

neurologically impaired children.

The work of Lesser et al. (1965) has brought re-

riewed attention to the need to scrutinize patterns of

abilities (as contrasted with the more general concern with

simple IQ) in young children. Relying on a test battery

which included measures of spatial, verbal, numerical and

reasoning abilities, they.were able to demonstrate meaning-

ful differences inpatterns of ability among various ethnic

and socio-economic groups. The obvious educational signif-

icance of this work derives from the findings that dif-

ferent groups of children need more attention in some cog-

nitive areas than in others, and that a knowledge of the

child's reference group is predictive of the kind of edu-

cational intervention he is most likely to need. It is

surprising that so little is now known regarding such

patterns in neurologically impaired children.
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The lack of information in this area seems to stem

from some ambiguity in the reference to "unevenness" of

intellectual function. What is meant by this term? There

are a number of clinical reports which support earlier

findings (Piotrowski, 1937) that verbal scores are superior

to performance scores in.neurologically impaired children.

At least one study fails to confirm this frequent finding

(Birch, Berihont, Belmont and Taft, 1967). The same clini-

cal generalization with respect to verbal-performance dis-

parity has long been made for schizophrenic patients al-

though even here the evidence is not unequivocal (Hertzig

and Birch, 1966). Since this same pattern is used to

describe several pathological entities, the diagnostic and

discriminative utility of this pattern is somewhat miti-

gated. What about the educational utility of a verbal vs.

performance characterization? There seems to be limited

practical value in this description for the teacher

(Bortner, 1968). In order for an assessment of intellectual

ability to gain maximum utility, at least three additional

kinds of information appear to be necessary: 1. What

aspects of verbal andperformance ability are relatively

intact, and what aspects are relatively defective? 2. Does

the characterthis profile change with age or is it

constant? 3. Quite aside from the issue of whether the

child at a given point in time is uneven, we need to know
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if he grows unevenly. This is an entirely separate matter

from question number two above, and may be restated as

follows: Does the individual's style of intellectual

performance at a given time relate systematically to his

style of performance in subsequent periods? Only a longi-

tudinal analysis can answer this question.

The foregoing suggests that a lucid characteriza-

tion of intellectual functioning in brain damaged children

that goes beyond the time honored but educationally limited

"verbal in relation to performance" can be achieved by an

analysis of patterns of mental abilities. Moreover, such

patterns are most likely to be of educational value when

they are described in age related terms since the intel-

lectual profile that characterizes the impaired six year

old may reveal different strengths and weaknesses than those

seen at age seven or eight and so on. Finally, in addition

to knowing whether these children are uneven, we recd to

know if they grow unevenly. It must be remembered that

neither, identical nor dissimilar profiles at consecutive

age levels determined cross-sectionally tell us anything

about individual style of growth since such cross-section-

ally defined age related patterns are based on mean values

which totally obscure individual differences in rate of

growth. Ausubel (1964) has pointed out the essential

irrelevance of cross-sectional studies to this problem.

30



11

The present report will deal with these issues in

Section III entitled "Patterns of Abilities."

31



Chapter 2. Subjects, Test Procedures and Methods

Subjects

The subjects of this study were 210 children who

had been educationally designated as brain damaged and

assigned to special school placement. At the time of

examination the children were in a special,elementary

school and ranged in age from 6 through 12 years. There

were three times as many boys as girls in the sample. This

sex distribution is in line with that in other studies

(Birch, 1964; Rutter, Graham, and Yule, 1970).

The special school for brain damaged .children from

which the children of this study were drawn serves an

entire suburban county of 56 school districts and approxi-

mately 350,000 pupils. The social class and ethnic char-

acteristics of children attending this special school

have been described in detail in a previous report (Bortner

and Birch, 1970). In summary, the pupils were predomi-

nantly white, from upper working-class and middle-class

backgrounds, and with a scattered representation of other

social and ethnic groups. There was a marked underrepre-

sentation of children from significantly deprived social

and economic backgrounds.

12
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Placement in this special school for brain damaged

children was based on the county's educational policy which

called for the placement of ichildren with learning dis-

abilities and/or behavioral problems in this facility when

a neurologist had attested to the presence of neurological

impairment.

To be sure, such medical evidence was not uniform'

and relied variously on (1) history, (2) the clinical

neurological examination and/or (3) electroencepholography.

However, while data was not uniform in all three areas,

there was positive evidence in the school records from at

least One of these three sources. Hence, some children

came with a history of seizures, others with pathological

reflex status, others with positive EEG, and still others

with some combination of these signs. All children pre-

sumably came with at least one of these signs plus a

history of difficulty in school achieveMent.

The sample studied consisted of 30 children selected

at random from the pool at each age level in the age range

6-12. This range was selected because this is a period of

growth and change. Slightly less than the original 30

children were followed in the second, third and fourth years

of the study because of moves, transfers and illnesses.

Even so, there was remarkable stability and the second,

third and fourth years had Ns, respectively, of 203, 193,

33
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and 177. The high quality of the school undoubtedly in-

fluenced parents to remain in the school district, and

prevented greater out-migration.

Methods

Both a cross-sectional and longitudinal approach

were utilized.

a. Cross-Sectional

1. All children at each age level from 6-12 years

'were given the various test measures during the first year.

At the end of the first year it was possible to describe

age-specific patterns of intellectual functioning and deal

directly with the question of whether these children were

uneven in intellectual patterning at different points in

the developmental sequence from 6 through 12 years.

2. The first year of testing also permitted

evaluation of the problem of whether sudh patterning took

different forms at different age levels.

b. Longitudinal

1. The children were followed for a total of four

years. The second, third and fourth years saw the develop-

ment of overlapping cohorts and the repeated testing of all

children previously tested in the first year. Hence,

children aged 6 in the first year were 7 in the second

year, 8 in the third year and 9 in the fourth year. This
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resulted in the following scheme:

;

Table

Overlapping Cohorts

Age of Child in:

1st Year 2nd Year 3rd Year 4th Year

'1

8 Jy.-
9 10

10

-7-11

!-1.3
-

= Cohort

As can be seen from this table, two virtues at-

tached to this method. First, the size of-the N at each

age level was greatly increased in the second, third and

fourth years. For example, children who became 8 in the

second year and those who became 8 in the third year were

added to those who were 8 in the first year. With these

35



16

enlarged Ns the statistical comparisons of antecedent with

subsequent test results were made with greater power.

The only limiting factor to this procedure occurs when,

e.g. children who are eight in the first year of testing

are significantly different in their test results from

children who are eight years old in the second or third

years of testing.

The second merit of this procedure derived from the

fact that in the relatively short space of four years, the

age span studied .was increased three years and included 13

and 14 year olds without adding new children. Thus com-

parisons of antecedent with subsequent test results covered

a wider age span.

2. Utilization of this longitudinal method per-

mitted the examination of the relationship between ante-

cedent and subsequent patterns of intellectual function.

This dealt directly with the question raised earlier of

whether neurologically impaired children grow unevenly.

3. Utilization of the longitudinal method also

permitted the examination of the relation of antecedent

intellectual patterning with subsequent academic achieve-

ment. .That is, the predictive value of age specific pat-

terns of mental ability for later academic functioning was

explored.

4. Finally, the longitudinal method permitted the
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examination of the relationship between antecedent and

subsequent academic status.

Tests and Measures

(WISC)

17

A. Tests of Intelligence and Mental Ability

1. Wechsler Intelligence Scale for Children

2. SRA (Thurstone) Primary Mental Abilities

Test (PMA)

B. Tests of Academic Achievement

1. Metropolitan Achievement Tests (MAT)

a. Primary I Battery, Grade 1

b. Primary II Battery, Grade 2

c. Elementary Battery, Grades 3-4

d. Intermediate Battery, Grades 5-6

C. Rating Scales of Behavior

1. The ChildrenYs Behavior Questionnaire

(Rutter, 1967) is a checklist which provides a teacher-

rated assessment of the child's classroom behavior. It

yields scores in the following areas of problem behavior:

neurotic, anti-social and total problem behavior. Good

re-test and inter-rater reliability has been reported. It

has served as a screening device for children with behav-

ioral and emotional disorders and has been effective in

differentiating neurotic and anti-social problems.
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2. The Behavior Problem Checklist (Quay, Morse

and Cutler, 1966) is a factor analytically derived teacher-

rating scale. It assesses frequently occurring problem

behaviors in the following areas: conduct disorder,

personality disorder, inadequacy or immaturity and total

behavior problems. The items are easily responded to, and

ratings have been satisfactorily obtained from parents,

teachers and various other professionals. It has shown

good reliability, and has been used with public school

children, and emotionally disturbed children.

The results based on the use of these two rating

scales are reported in Chapters 12 and 14.

D. Clinical Neurological Examination

This is described in detail in a later section

of this report which presents the neurological findings

in relation to certain intellectual features of the child-

ren. It can be noted here that each child in the present

study was individually examined, and that a standard and

uniformly administered set of procedures was adhered to.

The problem of inter-examiner differences was obviated by

using only one neurologist to test all the children.

E. Perceptual Adequacy

All children were individually administered a

series of perceptual-tests developed by the principal

investigator. These test results were reported for all
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four years of the study. These tasks measured different

aspects of perception including discrimination, analysis,

synthesis and perceptual-motor integration. The growth of

perceptual adequacy is reported in Section II, Chapter 3,

and this is followed by a description of its relation to

intellectual functioning and the relationship of percep-

tion to academic achievement. Data concerning the nature

and reliability of these tests may be obtained by writing

to the principal investigator. They are conceptually

based on a number of interrelated studies including Bortner

and Birch (1960, 1962) , Birch and Lefford (1963, 1967).

F. Height and Weight

Height and weight (in inches and pounds) were

reported for the children in the second, third and fourth

years of the study. These results are found in Section

II, Tables 13 and 14, which show the progress the children

made in the last three years of the study.

G. Basis for Choice of Tests

The WISC and the PMA were chosen because both

permit an analysis of patterning of intellectual abilities

in addition to supplying overall measures of intellectual

competence. Both tests have high reliability. The PMA is

based on factors which, while not having proved to be

orthogonal, do nevertheless identify areas of ability that

are relatively discrete from an educational point of view.

3 9
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These abilities for grades K-4 are labeled aS follows:

verbal meaning, perceptual speed, number facility and

spatial relations; for grades 4-9 the PMA measures one

ability additional to the aboire labeled reasoning. Both

the WISC and the PMA have been studied in.depth'utilizing

normal'children.

The Metropolitan Achievement Tests provide appro-

priate forms for all grade levels. A wide variety of con-

tent is covered in these tests. In general, different

aspects of language, reading and arithmetic are covered.

This test and the Stanford Achievement Tests are viewed in

the Sixth Mental Measurements Yearbook (Burcs, 1965) as

the two best achievement batteries available. The Metro-

politan has established high reliability, and provides

measures of skills and mastery of grade related content.

The measurement of these different aspects of achievement

is especially important in this study. The predictive

value of patterns or growth-of-mentaI-abi-litles-for-s-wdd-------

range of specific skills and school achievements is more

likely to have implications for educational instruction

than would be the case if more global achievement scores

were used.

1. Analysis of IQ Scores and Intellectual Profiles

of WISC

There were several aspects to this problem.
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a. There is the question of the depiction of an

intellectual profile for a given age group. The following

is a variation of the method described by Belmont and

Birch (1966). The method is graphic. A zero abscissa is

established by using the mean of all the scaled scores of

a given age group above and below which are plotted the

mean of the scaled scores for individual subtests. Thus,

if the mean scaled score for age 6 years is 8, this value

becomes the zero abscissa. If the mean scaled score for

Information is 6, this would be plotted as a 2 point nega-

tive deviation below the zero abscissa of 8. The plotting

of such deviation values around the mean of all subtest

scores for a aiven age group provides a visual depiction

of the magnitude of individual subtest variations, or in

effect, an intellectual rofile.

b. There is the question of the stability of the

total IQ score from age to age. This question needs to be

answered with respect to the longitudinal data. This is

readily determined by the correlation coefficient.

c. There is the question of the similarity or

dissimilarity of intellectual profile from year to year.

Correlation coefficients can be applied to the cross-

sectional comparisons, and relative similarity or dis-

similarity of subtest profiles can be determined from the

graphic method described above.
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2. Pattern Analysis of the PMA

The use of the PMA and its identification of es-

sentially discrete intellectual abilities make it possible

to test the hypothesis that different age groups are char-

acterized by different patterns of ability.

3. Factor Analysis of Intelligence Data

Factor analyses of the WISC for brain damaged

children have not yet been reported. Such analysis applied

to the cross-sectional data would be helpful in defining

the structure of intellect in developmental terms. The

usually reported factors include a general factor, a

verbal and a performance factor. It is anticipated that

this population will not depart in any important way from

this frequent finding. However, one may ask whether the

structure of intellectual functioning in brain damaged

children undergoes increasing differentiation with increas-

ing age, or indeed, whether age exerts any influence on

obtained factors.

4. Growth and Prediction

The predictive value of intelligence data for

academic achievement is a much studied area and character-

istically reveals high correlations. Much less is known

about the relationships of aspects of intellectual ability

to concurrent achievement. Intercorrelational matrices

of WISC and PMA subtests with achievement subtests will
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provide indications of the predictive value of different

aspects of mental ability for level of achievement. Less

is known about the relation of current intellectual indices

and later academic performance. Results relating.to this

issue are reported in Section IV.

Finally, and in summary, it can be noted that a

continuing and unresolved educational problem is the des-

cription of an appropriate instructional strategy for young

brain damaged children. One of the difficulties inherent

in studies which attempt to demonstrate the value of one

or another method of instruction is the lack of information

on basic intellectual abilities that define these children

alt different age levels, on the growth of these abilities,

and whether, indeed, these abilities are systematically

related to status and progress in school subjects.

The present status of research on the administra-

tive category of brain damage in children strongly sug-

gests that this is a heterogeneous aggregation within which

meaningful educational sub-categories are yet to be

developed. Intellectual competence constitutes one set of

abilities central to learning and therefore pertinent to

educational classification. .The present series of studies

seeks to analyze this aspect of competence as a first step

toward the eventual description of pertinent instructional

strategies for children with brain damage.
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Chapter 3. Intelligence, Achievement and Other Variables:

Summary for Four Y6ars

The large amount of data collected in this study

were not analyzed in accordance with the large number of

questions that one could generate about them. While

certain basic issues such as stability, pattern of scores,

growth and prediction were dealt with and will be discussed

below, an interesting array of potentially important ques-

tions remain unanswered but answerable from the present

data. It therefore became a goal of the investigator to

present all the data in 'the kind of summary form which

would permit other interested investigators to re-examine

or analyze any aspect of the data they wished. Tables 1

through 65 accomplish this goal. Significant issues,

unanswered questions and unresolved problems are sometimes

explicitly stated in appropriate places throughout the

text; and it is hoped that they will stimulate other

investigators to pursue questions left unresolved in the

present report.

45
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A. How to Read the Tables

Tables 1-18 may be read for four different kinds

of information. In a given column; reading from top to

bottom are the longitudinal data which tell us the progress

of a given age group over the four year period. In a

given row are discrete groups of children who were the same

age, albeit, in different years of the study. In the last

column these same-age cohorts are combined and provide

increased Ns for any given age level over the extended age

range 6-15 years and constitute semi-longitudinal data.

Finally, by reading the first, second, third and fourth

row of each column (excluding the last column) the reader

obtains the cross-sectional.data and can compare consecu-

tive age-levels (e.g. 6, 7, 8 and 9 years).

B. Wechsler Intelligence Scale for Children

Tables 1-3 show the mean IQ scores for the WISC

for all age groups in each of the four years of the study

and for cohorts of combined same-ages. As can be seen in

Table 1 the WISC Verbal quotient for the cohort of combined

same ages varies from a low of 69.87 at age 6 to a high

of 79.25 at age 14. Hence, the Verbal IQs are in the

borderline range of intelligence for the group as a whole

and for individual age levels. When one looks at the

cohorts there is a steady rise in IQ as one proceeds from

the younger to the older cohorts. However, it appears that
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there is a difference between those who were age 6 and 7

in the initial year of the study and the older children

starting with those who were age 8 in the initial year.

The children who were age 6 or 7 in the initial year

started with Verbal IQs at 69 and 70 respectively and by

the end of the fourth year did not increase beyond IQ

scores of 71 or 72, whereas those children who mere age 8

or above in the initial year started with Verbal IQs

never lower than 74 and went as high as 80 in the fourth

year. That is, whereas the younger children started low

and made no progress, the older children started somewhat

higher and ended still higher at the end of four years.

Table 2 shows the distribution of Performance

quotients. These results are similar to thoselreported

for the Verbal scores. As oneproceeds from the younger

cohorts to the older cohorts there is a steady rise in

Performance IQ from a low of 69.33 at a4e 6 to a high of

81.91 at age 14. Hence, the Performance IQs are essen-

tially in the borderline range of intelligence for the

group as a whole and for individual age levels. However

children age 6 and 7 in the initial year of the study

attain Performance IQs of 69 and 71 respectively, whereas.

children 8 years and above (with the exception of the 10

year olds) start out with much higher scores and maintain

their lead throughout the four years of the study. The 11
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and 12 year olds, e.g., start out with Performance IQs of

78 and 75 respectively in the initial year and improve to

84 and 79 in the fourth year.

Table 3 shows the distribution of mean Full Scale

IQs. The same steady rise in scores can be seen in the

cohorts as one proceeds from younger to older children,

and the same difference between the two younger groups

(age 6 and 7) and the older groups can be observed, with

the younger age groups doing more poorly.

C. Primary Mental Abilities Test

Tables 4-8 show the distribution of mean IQ scores

for the PMA test for any given age group in each of the

four.years (longitudinal data)-and for cohorts of combined

same ages (semi-longitudinal data).

Table 4 shows the distribution of mean TMA Verbal

Quotients. The cohorts of combined same ages (last column)

show a steady rise in Verbal IQ from a low of 73.77 at age

6 to a high of 92.63 at age 14. Hence, the verbal intelli-

gence of these children appears to vary with age level from

borderline functioning at.the youngest ages through dull-

normal and normal at increasingly older ages. At ages 6

and 7 the children attain Verbal IQs in the 70s in the

initial year of the study and never go beyond scores in

the low 80s; whereas children age 8 and above in the initial

year characteristically start out with Verbal IQs in the low

80s and end up with Verbal IQs in the range of 89-92.
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Table 5 shows the distribution of mean PMA Per-

ceptual Quotients. The cohorts show a steady rise in

Perceptual IQ from a low of 76.75 at age 7 to a high of

92.65 at age 15. These scores represent, therefore,

range of functioning from borderline through normal with

children in the age range of 6-8 functioning in the border-

line range and children age 9 and above functioning in

the dull-normal to normal range. However, it is the

children who were 6 or 7 in the initial year of the study

who start out with borderline functioning and improve to

dull-normal functioning by the fourth year, whereas

children age 8 and above show no such improvement and

start out as dull-normal in the initial year and end 'up

dull-normal in the fourth year. The exception to this can

be seen in the scores of the 12 year olds who start out

with Perceptual IQs in the dull-normal range (86-90)' and

attain a normal level of functioning by.the fourth year.

Table 6 shows the distribution of mean PMA Number

Quotients. It is immediately apparent that ability in this

area of intellectual functioning is qualitatively inferior

to that observed for verbal and perceptual areas. The

cohorts show a steady rise with age from a low of 65.86

at age 7 to a high of 86.95 at age 15. Hence, the range of

ability in this area of functioning is wide, with the

younger children at retarded levels and the older children
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(starting at age 12) never exceeding dull-normal. How-

ever, there is an important difference between younger and

older children; and children who were 6-10 years in the

first year of the study started at moderately retarded

levels but improved and finally attained borderline levels,

whereas 11 and 12 year old children started at dull-normal

levels and remained there.

Table 7 shows the distribution of mean PMA Spatial

Quotients. The scores vary considerably in this area of

functioning and the cohorts show a steady rise in ability

level with age and range from a low of 68.30 at age 6 to

a high of 94.13 at age 15. Hence, the range of ability is

from moderately retarded at the youngest level through

borderline functioning at ages 7-10, through dull-normal

at ages 11-13, and normal at ages 14-15. However, the

children age 6 and 7 in the initial year made little or no

progress after 4 years, whereas children age 8 or above made

progress over the 4 years which varied with age level.

E.g., whereas the 10 year olds obtained initial and final

scores of 82.93 and 84.70 respectively, the 12 year olds

progressed from an initial score of 86.77 to a final score

of 94.13. Moreover, the younger children (age 6 and 7 in

the initial year) remain in the same category of function-

ing over the 4 years, whereas the older children (age 9, 11

and 12) moved from the dull-normal to the normal category

of intellectual functioning in this area.
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Table 8 shows the distribution of mean PMA

Reasoning Quotients. The cohorts show essentially normal

functioning at those ages where there are sufficient child-

ren to make an inference. Of course, the younger children

do not have scores on this subtest since it was not given

to the younger children. However, the cross-sectional

data starting from age 10 upwards (in the initial year)

reveal essentially consistent and low normal scores ranging

from a low of 85.13 to a high of 95.63. The semi-longi-

tudinal data (last column) are confirmed by the longitud-

inal data. A graphic presentation of the longitudinal

data is shown in Figures 1-7, which show the progress

each of the PMA subtests over the four year period. Each

graph depicts the progress of a given group of children

for each subtest using their age in the initial year of

the study as the point of departure; hence, one chart for

each initial age group.

D. Metropolitan Achievement Test

Tables 9-12 show the distribution of mean scores

on several subtests of the MAT for all age groups in each

year of the study, and for cohorts of cotbined same ages.

It is especially important to note the sample sizes in

these tables. The usual N of 30 in the first year of the

study did not obtain for the MAT since many of the children

did not read sufficiently well to take even the Primary I
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level form; instead, they took the Readiness Level form

which did not yield a reading grade equivalent.

The cohort data in Table 9 shows the MAT Reading

Grade equivalent to increase with age from a low score in

the middle of the first grade at age 6 to a high fourth

grade level at age 15. Similarly, the longitudinal data

reveal the same slow progress with 6 year olds (in the

initial year) starting at grade level one and not going

beyond the middle of the second grade three years later.

When one recalls that these results reflect the function-

ing of only those children competent enough to take the

Primary I level form, and that large numbers of the child-

ren, especially at the younger ages, had to take the Readi-

ness Level, then it will be recognized that the functioning

grade levels reported in this table (and in Tables 10-12)

are an over-estimate for the age levels in general. In

Year 1 of the study the 6 year olds attained a Reading

Grade equivalent of 1.73; however, this was based on only

9 of the 30 children tested at this age--the other 21

children (not in this table) were "reading" at various

stages of readiness. The 7 year olds also read at the

first grade level in the initial year of the study and

failed to get beyond the middle of the second grade three

years.later. The 8 and 9 year olds start out in the

initial year of the study at near- and early-second grade
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reading but fail to get beyond middle 3rd grade reading

three years later. The 10, 11 and 12 year olds read at

middle second and early third grade level respectively

in the initial year and for the most part do not exceed

4th grade level reading 3 years later. The one exception

to this is the (initial year) 11 year old group who after

starting at grade level 3 reach the 5th grade reading level

by age 14.

The cohorts in Table 10 show a slow and steady

increase with age in Arithmetic Computation skills as

measured by the MAT, with the 9 year olds attaining

scores in the middle of the third grade and the 15 year

olds attaining scores near the top of the fifth grade.

Of the 22 mean arithmetic scores reported for the various

age groups, 16 are in the 4th and 5th grade. Only 7 of

the reported Reading Grade equivalents were at this level,

and it is thus clear that these children are somewhat

better at arithmetic than in reading. Their superiority

in arithmetic is of the order of one year.

Table 11 presents the scores for Arithmetic Prob-

lem Solving. Again, the cohorts show a slow and steady

increase with age. The 8, 9 and 10 year olds functioned

at the third grade level, the 11, 12 and 13 year olds at

the fourth grade level and the 14 and 15 year olds at the

fifth grade level. The mean scores for any given age group
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do not improve from the initial year to the fourth year by

more than 1 year. Hence, while these children were

superior in their Arithmetic Problem Solving ability to

their Reading :ability, they demonstrated rather limited

growth over a ',three year period.

Table 12 shows the grade equivalents for the
4

Arithmetic Tot'al subtest of the MAT. The cohorts demon-

strate a high second grade and early third grade attainment

for all age gr:oups without any clear pattern of improve-

ment. The small Ns at individual age levels preclude more

interpretation!.

E. Helght and Weight

Table a3 shows the mean height in inches for all

age groups in each of the second, third and fourth year of

the study, and for cohorts of combined same ages. The

cohorts reveal a steady increase in height with age, with

the average 7 year old at 48 inches and.the average 15

year old at 66 inches, and an approximately 2 inches per

year increase characterizing the age trend.

Table 14 shows the mean weight in pounds for all

age groups in each of the second, third and fourth years

of the study and for cohorts of combined same ages. The

cohorts reveal the expected steaa'y-increase in weight with

age and ranges from 56 pounds at age 7 to 136 pounds at

age 15.
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F. Perceptual Adequacy--Tests of Discrimination,

Analysis, Synthesis and Integration

Tables 15-18 present the findings for the four
_

subtests of the perceptual test which measures different as-

pects.of.visual perception. In. Table 15 which preSentP data

for the Discrimination subtest, the age cohorts reveal a

steady rise in score from a low of 8 at age 6 to a high

of 15 (out of a possible score of 17) at ages 14 and 15.

Performance on this test is characterized by a relatively

quick emergence of competence at early ages and a tendency

to.level off by age 10. Scores of 14 characterize the next

few years with relatively little improvement thereafter.

Scores on the Analysis subtest. (see Table 16)

clearly reflect a later-emerging skill than that observed

for Discrimination. The age cohorts do not achieve scores

of above 1 (out of a possible 17) until age 9. They do

not reach 4 until age 13 and never rise above a score of 6.

It can be inferred that the task represented by the

Analysis subtest is relatively difficult for these child-

ren. Moreover, since there is no leveling off in the curve

of imprcvement in the age range studied, we may infer that

growth in this skill continues beyond age 15.

Scores on the Synthesis subtest (see Table 17)

are somewhat higher than those observed for Analysis. They

range from a low of 1 at cohoit age 6 to a high of 7 at
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ages 14 and 15. Since guessing is possible on this sub-

test (and there are 4 multiple-choices per item) it is

important to note that scores above 4 (and hence roughly

above-chance scores) do not occur until age 11. As was

the case with Analysis, it is inferred that growth in

Synthetic skills continues beyond age 15.

Scores on the Integration subtest (see Table 18)

reflect a slowly emerging skill since a score of 1 (out

of a possible 17) does not occur in the age cohorts until

age 8. Moreover, even by age 15 scores do not rise above

6 with slow but steady improvement characterizing the 6-15

age range as a whole.

G. WISC: Corrklation of Scores Across Years

The coeficient of correlation provides the most

commonly used index to the stability of a test score. In

the present study it is possible to assess the stability

of WISC IQ scores obtained for a group of children over a

period of four years by correlating their scores in Year 1

with their scores in Years 2, 3 and 4. It is also possible

to compare 2nd year scores with those obtained in Years 3

and 4 of the study; and finally, we may compare scores

obtained in Year 3 with those obtained in Year 4 of the

study. Tables 19-21 summarize the across-year correlations

(Pearson,coefficients) for the WISC Verbal Scale, Per-

formance Scale and Full Scale IQs over a four year time
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span. Correlations are presented on an age-specific basis

for the age range 6-12 years. All possible comparisons

are made for Years 1 through 4 of the study.

Table 19 shows the stability of the Verbal Scale

IQ. At all age levels, all comparisons (e.g. Year 1 with

Year 2, Year 1 with Year 3, and so on) are not only

statistically significant but very high and range from a

-low (!) of .79 to a high of .95. It is easily inferred

from the data that WISC Verbal Scale IQs for the groups

studied are very stable from Year 1 to Years 2, 3 and 4;

and that IQs obtained in

markably consistent (for

tained in any other year

any year of the study are re-

a given age group) with those ob-

of the study.

Perusal of Tables 20 and 21 which present com-

parable information on Performance Scale and Full Scale

IQs permit conclusions identical to those expressed for

the Verbal Scale IQs.

H. PMA--Correlation of Scores Across Years

Tables 22-26 show the across-year correlations

the IQs based on each of the five PMA subtests. The

correlations are presented on an age-specific basis.

Hence, in Table 22 we may compare the PMA Verbal Quotients

obtained in Year 1 of the study with those obtained in

Years 2, 3, and 4 for the six year olds, seven year olds

and so on. Moreover, the Verbal Quotients obtained in any

for
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given year of the study may be compared with those ob-

tained in any other year for a particular age group.

In general, each of the PMA quotients shows high

stability at all age levels from Year 1 through Year 4

of the study and in all other year to year comparisons

(see Tables 22-26). In Table 22 it can be seen that this

Verbal score stability is most pronounced for children aged

6 through 10 years where all but one of the 30 correlations

are statistically significant. However, the 11 and 12

year olds do not demonstrate a similar stability of Verbal

scores, and the magnitude of the correlation coefficients

is drastically reduced. The meaning of this is difficult

to assess, and it should be noted that nothing comparable

occurred in any of the remaining subtests (see Tables 23-

25) where great stability was noted for all age groups.

Table 26 presents the correlation coefficients for

the PMA Reasoning Quotient. Only the li and 12 year olds

took this subtest in sufficient numbers to permit the use

of correlation procedures. In general, the magnitude of

these coefficients suggests great stability of functioning

from year to. year. Although only 5 of the 12 coefficients

were statistically significant, the magnitude of most of

the non-significant coefficients was such as to suggest

that there were meaningful correlations between sets of

scores that fell short of statistical significance because

of small Ns.
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I. Comparison of WISC and PMA Stabilities

It is clear that while both the WISC IQs a4d the

PMA Quotients demonstrate great stability from year to mar,

there is an important difference in the magnitude pf

stability evidenced by these two tests. While the VIZSC

stability coefficients are consistently in the .90 xdrIge,

those Ibrthe PMA are more frequently in the .50 to 00

range. What is the meaning of this difference in tsSt

score stability?

This question may be dealt with by postulating that

"education" and the "school" are the intervening v4xidbls.

If this is the case, then successful educational proc9ams

would tend to lower coefficients of stability, and linsuc

cessful programs would contribute to the long range

maintenance of initially high stability (observed, sa.y,

between 1st and 2nd year scores). That is, if evez-Pody

improves (and individual differences are maintained) therl

correlations will remain high. However, if the "solPol"

tends to "minimize" individual differences, then difrerlt

people will improve at different rates and correlans

would be lowered.

In this view of education, low correlations Itween

successive scores in consecutive years would be considered

indicators of success, and the PMA may therefore be A mozse

sensitive indicator than the WISC of what has been

5 9
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happening to the present study sample in their school.

The WISC correlations may be higher in the context of this

view, because the WISC measures constellations of ability,

i.e. more general ability, and is therefore less likely to

be affected by school experience. The school would be

expected to exert more influence on specific skills and

therefore on the results of the PMA testing.

J. MAT--Correlation of Scores Across Years

It is commonly acbepted that the best predictor of

future performance is past performance. This is especially

true of academic work. However, this generalization is

based on empirical work with essentially normal children.

It remained to be determined whether this conclusion could

be applied to brain damaged children, especially since

unevenness has been a frequently reported distinguishing

characteristic of such children. Unevenness usually re-

ferred to unequal levels of cognitive performance on dif-

ferent tasks, but it also referred to unequal levels of

performance on the same task through time (Bortner, 1968).

Since the fact of wide fluctuations in performance

through time has been used not merely to describe but to

actually define these children, one could expect such

fluctuations to minimize the correlations of test with

same test through time in a group of phildren so defined.

The present data afford the opportunity to study this
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issue. Tables 27-29 present correlations (Pearson coef-

ficients) for each of-three subtests of the Metropolitan

Achievement Tests--each test with itself--for any combina-
,_ .

tion of years in the four years of the study. E.g. in

Tables 27-29 we can find the correlation of Year 1 with

Year 2 Reading Grade Equivalent scores for 6 year olds, 7

year olds and so on, or the correlation of Year 1 with

Year 4 Reading Grade Equivalent scores for any of the

initial-age groups from 6 through 12 years. Table 28

presents identical information on Arithmetic Computation,

and Table 29 deals with Arithmetic Problem Solving. The

latter two tables do not include children aged 6-8 since

these younger children did not take these two subtests in

sufficient numbers to warrant correlational procedures.

The evidence is overwhelming in these three

tables that stability of relative position in academic

functioning characterizes each of the age groups of brain

damaged children. In Table 27, of 42 correlations only 4

do not attain statistical significance and even these are

high order correlations that would easily be significant

with slightly higher Ns. In Table 28, of 21 correlations

calculated, only 3 failed to attain statistical signifi-

cance, again because of insufficient N. In Table 29, of

21 correlations calculated only 1 failed to attain statis-

tical significance.
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one cannot fail to be impressed with the high

order of these correlations--statistical significance not

withstandingwhich are in the 70's, 80's and 90's. One

must infer from such high correlations that, as is the

case for normal children, the best predictor of future

academic performance is present academic performance. More

directly, it is clear from these correlations that the

relative class standing of particular children within any

given age group (between 6 and 12 years) remains highly

stable.

What does not emerge from these data is the'fate of

those children who do not remain 'stable in their academic

performance. It would be valuable to identify children

who show relative spurts in academic progress and who

transcend in a given year their previous year's class

standing. That is, if we can identify and separate out so-

called high achievers from low achievers .(in both cases,

the children could be defined in accordance with their

departure in a given year from their previous year's class

standing) it would then be feasible to begin the search

for the relevant correlates of succesS--an old story which

has never been completed.

Readily available for interested investigators

from Tables 27-29 are answers to questions dealing with

the relative predictive value of scores obtained in Year

1, 2 or 3 for 4th Year performance, whether arithmetic

6 2
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fundamentals as contrasted with problem solving shows the

same amount of stability, and whether performance in

arithmetic as contrasted with reading is more or less

stable in any given year of the study or over the four

years.

K. Correlations of WISC and PMA--Within Same

Year

WISC Verbal Quotient and PMA Subtests

It was not unexpected to find that the Verbal

Scale of the WISC would be highly correlated with the PMA

Verbal subtest. The obtained correlations are presented

in Table 30 in the diagonal. At ages 6, 7, 8, 10 and 11

years all correlations (save one) are statistically sig-

nificant. Within these age levels there is a clearly

diminishing magnitude in the correlations as one proceeds

from the younger age levels to the older age levels, with

correlations at ages 6 and 7 in the 70's and 80's and

falling to the 40's and 50's in the older children. At

ages 9 and 12 only 1 of 8 correlations is significant, and

the magnitude of the correlations drops sharply at age 12

where two of the four correlations are of a zero order.

fn Table 31 are presented the correlations between

the WISC Verbal Scale and the PMA Perceptual Speed

Quotient. Again, as one proceeds from the younger age

levels to the older age levels the correlations diminish

in magnitude and, of course, in the number which are
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statistically significant. Moreover, the magnitude of those

'correlations that are statistically significant is con-

sistently lower than those observed for the WISC Verbal

Scale and PMA Verbal subtest. The age level in which the

number of statistical significances sharply decrease be-

gins at age 9 and continues through age 12. At ages 6 and

7, where the correlations are consistently significant,

'they are of the order of .5 and .6 as contrasted with the

high correlations of .7 and .8 reported earlier for WISC

Verbal Scale and PMA Verbal subtest.

Table 32 contains the correlations between the

WISC Verbal Scale and the PMA Numerical Quotient. Every

one of the 55 correlations are statistically significant. .

Again, there is the observed tendency, although less

pronounced here than was reported for the PMA Verbal and

Perceptual subtests, for the magnitude of the correlations

to decrease with age. It is noted, with some surprise,

that the magnitude of the correlations between WISC Verbal

Scale and PMA Numerical Quotient is consistently greater

than that observed between WISC Verbal Scale and PMA Verbal

Quotient.

The correlations between WISC Verbal Scale and PMA

Spatial Quotient are presented in Table 33. High order

and statistically significant relationships characterize

the correlation data for these two sets of scores. How-

ever, as was the case for the PMA Verbal and Perceptual

6 4



45

Speed Quotients, this relationship changes sharply at age

12 and this is reflected in zero order correlations.

The correlations between WISC Verbal Scale and PMA

Reasoning Quotient are presented in Table 34. Only a

small number of children took this subtest and the Ns are

so small that the absence of statistical significances is

not surprising. However, even within this context it

appears that there is a tendency for the magnitude of the

correlations to decrease with increasing age, and one

observes two correlations above .6 at age 10, 1 at age 11

and none at age 12.

WISC Performance Quotient and PMA Subtests

The correlations between WISC Performance Quotient

and PMA Verbal'Quotient for a given year is seen in the

diagonal in Table 35. In general, these correlations show

a high order relationship between these two sets of scores.

The correlations are higher at the younger ages where they

hover in the .50's and .60's, drop off inexplicably at

age 9, hover in the .30's and .40's at ages 10 and 11 and

again diminish at age 12 by which time there are no

statistically significant correlations.

Table 36 shows the correlations between the WISC

Performance Quotient and the PMA Perceptual Speed Quotient.

In general, these correlations demonstrate a high order

relationship between these sets of scores. At ages 6, 7
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and 8 years the correlations hover in the .60's and .70s.

Again, there is the drop-off at age 9 with resumption of

significant correlations occurring at ages 10 and 11, and

finally a reduction in the magnitude and number of signifi-

cant values at age 12.

Table 37 shows the correlations between the WISC

Performance Quotients and the PMA Numerical Quotients for

the same year in the diagonal. All correlations (save

one at Year 12) are statistically significant. In general,

the magnitude of these correlations appears to hold up at

all ages until age 12 where a sharp reduction occurs.

Table 38 shows the correlation between the WISC

Performance Quotients and the PMA Spatial Quotients. All

correlations for all years at7, statistically significant.

Again, it is not until age 12 that any correlations below

.50 occur.

Table 39 shows the correlations between the WISC

Performance Quotients and the PMA Reasoning Quotients.

Only the 10, 11 and 12 year olds took this subtest in

sufficient numbers to justify correlational procedures and

even these Ns were small. At ages 11 and 12 the correla-

tions suggest a high order relationship between these sets

of scores.
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WISC Full Scale Quotient and PMA Subtests

Tables 40-44 show the correlations within any

given year between the WISC Full Scale Quotients and each

of the PMA subtests in the diagonals: Since the WISC

Full Scale Quotients.do not represent new data and merely

continue to reflect Verbal Scale and Performance Scale

Quotients it is not surprising that the nature of the

relationships thus summarized does not depart from yhat

has already been described for each of the WISC Scales

separately. In general, the relationships revealed are

strong with a tendency to diminish with increasing age.

L. Correlations of WISC and PMA Across Years

WISC Verbal Quotient and PMA Subtests

The correlations between the WISC Verbal Scale

and the PMA Verbal subtest are presented in Table 30 where

it can be seen that they are highly and significantly

correlated at the earlier ages of 6, 7 and 8 years; 34 of

36. correlations are significant and hover in the range

of .5 to .7. At age 9 years there is a decline in the

number of significant correlations (5 out of a possible

12). At ages 10 and 11 years, the correlations are

again significant almost all the time (23 of 24) but they

are of a somewhat lower order than that observed for the

younger ages and hover in the range of .4 to .5. At age

12 years there is a precipitous drop in the magnitude of
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the correlations observed; they hover in the zero order

range, and none are significant.

Table 31 shOws the correlations of the WISC Verbal

Scale and the PMA.Perceptual Speed subtest scores for ages

6 through 12 years. It is clear that, in general, there

is the same general tendency for the correlations to

decrease in magnitude with age. At ages 6, 7 and 8 there

are 27 significant values (out of a possible 36) with

values ranging from .4 to .7. However, at ages 9 and above

the correlations drop sharply to the order of .2 and .3

with only 12 of 48 correlations significant. By age 12

years, none of the reported correlations are significant.

Table 32 shows the correlations of the WISC Verbal

Scale and the PMA Numerical subtest. These correlations

are high and significant at all ages.. In general, their

magnitude hovers in the range of .6 to .8 at the younger

age levels, and drops off to approximately .4 and .5 at

age twelve years. In Table 33, the correlations of the

WISC'Verbal Scale and the PMA Spatial sUbtest are also seen

to be significant and of a high order of magnitude with

the magnitude apparently diminishing with age. By age

twelve years all correlations fail to achieve significance.

In Table 34 the correlations.of the WISC Verbal

Scale and the PMA Reasoning subtests are frequently of a

high order magnitude, especially at ages ten and eleven
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years but fail to achieve significance because of the low

N. At age twelve years there is the usual drop in the

magnitude of the correlations.

WISC Performance Quotient and PMA Subtests

Tables 35-37 show the correlations between the WISC

Performance Scale and (respectively) the PMA Verbal,

Perceptual, and Numerical subtests. In general, again,

the correlations are of a high magnitude and are over-

whelmingly sicr,ificant with the tendency for their mag-

nitude to diminish with age. For all three PMA subtests

the correlations drop off in magnitude most decisively at

age twelve years, and for the PMA-Verbal and Perceptual

subtests there is also a decisive drop at age nine years.

Table 38 shows the correlations between the WISC

Performance Scale and the PMA Spatial subtest. These cor-

relations are all high and significant even at the older

age levels. Table 39 shows the correlations between the

WISC Performance Scale and the PMA Reasoning subtest. The

Ns are small thus making it less likely for atatistical

significance to occur, but even so 14 of 24 correlations

are significant at ages eleven and twelve years. The mag-

nitude of these correlations hover in the range of .5 to

.6.

WISC Full Scale Quotient and PMA Subtests

Tables 40-44 show the correlations between each of

the PMA subtests and the WISC Full Scale Quotient, and the
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same high order magnitudes and high freguency of statis-

tical significances are seen here that-were seen for the

WISC. Verbal and WISC Performance Quotients. Again, there

is the tendency for the magnitude of these correlations to

drop off at ages 9 and 12 for the PMA Verbal and Per-

ceptual subtests.

M. Correlations of WISC and MAT--Within Same Year

WISC Verbal Quotient and MAT Subtests

The correlations of the WISC Verbal Quotient and

several subtests of the MAT within any given year of the

study are shown in Tables 45-48. The correlations of WISC

Verbal-Quotients-aad-MAT Reading-(TabLe-45) in-the-first-

year of the study are almost all significant (4 of 5 cor-

relations) at.all age levels when the Ns > 20. For the

second, third and fourth year of the study all the correla-

tions. are significant with the magnitude hovering in the

.60's.

For all four years, when the WISC Verbal Quotient

is correlated with the Arithmetic Computation subtest of

the MAT (Table 46), it is only at the older age levels

(10-12 years) that comparably high magnitudeq obtain and

only at age 11 where with sUfficient N the magnitudes ar(z

significant. At the younger age levels (6-9 years) the

Ns are too small to permit evaluation of the correlations.
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When the element of reading ability is part of the

arithmetic task, as it is in Arithmetic Problem Solving,

the magnitude of its correlations with the WISC Verbal

Quotient rises (Table 47). For all four years of the

study, the correlations between Problem Solving Ability

and Verbal Quotient are high, and in the .50 to .70 range.

Table 48 shows the correlations between the WISC

Verbal Quotient and MAT Arithmetic Total. The Ns are too

small to permit significance values to be considered too

seriously, but, in general, the correlations reflect the

findings reported Tables 46 and 47.

WISC-Performance-Quotient-and-MAT-Subtests

Tables 49-52 show the Correlations between the

WISC Performance Quotient and several MAT subtests. The

relationship between reading ability and performance

ability (Table 49) is frequently significant (12 of 22

correlations where N > 20) and of the order of .50 in

these cases. This is true for all four years of the study.

Table 50 shows the correlations between the WISC

Performance Quotient and MAT Arithmetic Computation.

Except for ages 11 and 12 years the Ns are inadequate for

statistical interpretation. Similar difficulties obtain

in Tables 51 and 52 in which additional arithmetic scores

are correlated with WISC performance scores. However, it

is especially noticeable with the ArithmetiC Total Scores
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that despite these small Ns the correlations are often quite

high, and 18 of 28 correlations are above .50 (see Table

52).

WISC Full Scale Quotient and MAT Subtests

Reading ability is highly correlated with WISC

Full Scale intelligence. Of 28 correlationF2 (see the

diagonals in Table 53), 23 are statistically significant

and are of the magnitude .59. Again, however, the Ns are

inadequate and mitigate the strength of any conclusions.

Arithmetic ability is also related to WISC Full

Scale intelligence. Aside from the inadequate Ns which

preclude statistical interpretation it is suggested-from

the magnitudes of the correlations, which are often in the

.50 to .70 range, that various aspects of arithmetic

ability, i.e. computation and problem solving, are both

strongly related to general intelligence (see the diagonals

in Tables 54-56).

N. Correlation of Primary Mental Abilities Test

and MAT Reading Subtest--Within Same Year

The five subtests of the.PMA are correlated with

the reading subtests of the MAT in Tables 57-61. Somewhat

surprisingly, the Verbal Quotient of the PMA is not es-

pecially related to performance on the Reading subtest of

the MAT. _. Qnly at age 6, where the Ns are all below 20,

are the correlations significant (4 out of 4 correlations,
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read the diagonals in Table 57). At all later ages, 7-

12 years, where the Ns are often of suffi-dent size tc)

warrant statistical interpretation, the magnitude o the

correlations are unimpressive and infrequently signifi-

cant (2 Of 22 correlations are significant and are based

on N > 20).

A similar pattern is observed for the relaticriship

between the PMA Perceptual Quotient and the MAT Realairly

score. Very few correlations are significant where the Ns

are > 20, and the few that are significant are unimprZsiVe

in magnitude (read the diagonals in Table 58).
-

Of 20 correlations based on N > 20, 12 are sicZ--

nificant for the relation between the PMA Numerical Qtap-

tient and MAT Reading (read.the diagonal in Table 59).

Moreover, even at age levels 6 and 7 years where tl Ns

are small, the magnitudes of the correlations are fregtiently

high and average .55. This compares with an average c)Z

.41 for the remaining ages 8-12 years; but, if one loc)Its

only at the significant relationships at ages 8-12 yeaZ.s

the average correlation is .51. Of all the PMA subtet

correlations with MAT reading ability, the Numerical

Quotient appears to show the strongest relationship.

Tables 60 and 61 show the relationships betwerl

the MAT Reading and those PMA subtests yielding a Spatial

Quotient and a Reasoning Quotient. The correlations Az-e Of
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a low order magnitude and suggest a weak relationship

amoi4g these variables.

0. PerceptUal Tests and MAT Reading Subtest--

Within Same 'Lee"

Tables 62-65 show the relationship between the

perceptual tests and the MAT Reading subtest. The corre-

lations are of a low order magnitude and suggest a weak

relationship between the perceptual tests and the MAT

reading subtest.

P. Correlations of WISC and MAT--Across Years

WISC Verbal Quotient and MAT Subtests

The correlations between the WISC Verbal Scale and

the MAT Reading grade equivalent scores are presented in

Table 45. It can be seen that at ages 6 and 7 years

roughly half of the correlations are significant, but the

remaining non-significant correlations are based on small

Ns. At ages 8 through 12 years.the Ns increase to the mid

20's and almost all the correlations (56 of 60) are sig-

nificant and of the general order of .5 to .7.

The correlatiOns between the WISC Verbal Scale and

the MAT Arithmetic Computation grade equivalent scores are

shown in Table 46. For ages 6-9 years the Ns are small;

however, as the Ns increase the magnitude of the correla-

tions increa'se and 20 of 36 correlations are significant.
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Tables 47 and 48 show the correlations between the

WISC Verbal Scale and, respectively, MAT Arithmetic

Problem Solving and MAT Arithmetic Total. For ages 678

years the Ns are small, but as the Ns increase with age the

magnitude of the correlations increase with an attendant

increase in frequency of statistical significance.

WISC Performance Quotient and MAT Subtests

Tables 49-52 show the correlations between the WISC

Performance Scale and, respectively, the MAT Reading,

Arithmetic Computation, Arithmetic Problem Solving, and

Arithmetic Total grade equivalent scores. The Ns for the

Reading subtest are quite small at ages 6 and 7 years but

the magnitude of the correlations imply a strong relation-

ship. With increased Ns, statistical significance is

achieved at older age levels except at ages 10 and 12

years.

The arithmetic subtests contain smaller Ns and

therefore a smaller number of significant correlation

vaiues. With an increase in N there appears to be an in-

crease in.the frequency of significant correlation values.

However, at age 12 years there is a decrease in the magni-

tude of the correlations.

WISC Full Scale Quotient and MAT Subtests

Tables 53-56 show the correlations between the

WISC Full Scale and, respectively, the MAT Reading,
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Arithmetic Computation, Arithmetic Problem Solving and

Arithmetic Total grade equivalent scores. In general,

these correlations reflect the same trends observed for

the WISC verbal and Performance Scales. It emerges

somewhat more clearly that the younger age levels contain

correlations of larger magnitudes (with a consequent

greater frequency of significant values), and a decrease

in magnitude of correlation at age 12 years for all of

the MAT subtests considered here.

Q Correlation of PMA and MAT Reading Subtests-

Across Years

Tables 57-61 contain the correlations between each

of the Rip, subtests and the MAT Reading grade equivalent.

It would be expected that the Verbal Scale of the WISC

would be closely related to the tasks of the MAT Reading

subtest (see Table 57), and indeed at the younger age

levels (6-9 years) this was the case. At these younger

levels, the Ns are oft.Bn small thus almost precluding

statistical significance, but the consistency with which

relatively moderate magnitudes obtain implies a strong

underlying relationship between these two measures. How-

ever, with increasing age (from 10-12 years) the magnitude

of the correlations decreases even though the Ns increase.

The relationship,of the PMA Perceptual Quotient

and the MAT Reading grade equivalent (see Table 58) appears

7 6
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to be greater at the younger age levels (age 6 and 7 years)

with magnitudes often in the .50 to .70 range, and smaller

with increasing age (8-12 years). The relationship of the

PMA Numerical Quotient and the MAT Reading grade equivalent

(see Table 59) also appears to be stronger at younger age

levels and to decrease at older age levels, until at age

12 years almost none of the correlations are significant.

Table 60 shows the reltionship between the PMA

Spatial Quotient and the MAT Reading grade equivalent to

be of an etsentially low order. Finally, the PMA Reason-

ing Quotient and the MAT Reading subtest do not show a

large number of significant correlations, largely because

the N for the PMA Reasoning subtest was frequently non-

existent or quite low.

R. Correlation of Perceptual Tests and MAT Reading

Subtest--Across Years

table 62 shows the correlations between the Dis-

crimination subtest of the perceptual tests and the Reading

.test of the MAT. If one focuses on those correlations

where the Ns are above 20, it can be seen that at age 6

none of the correlations are based on Ns so large. At

age 7, of the five correlations with Ns of 20 or above,-

4 are significant. In the remaining years almost none of

the correlations are significant except for age 11 years

where 8 of 12 correlations are moderately significant and

of the order of .4.
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Table 63 shows the correlations between the

Analysis'subtest of the perceptual tests and the Reading

subtest of the MAT. At ages 6 and 12 years none of these

correlations are significant. At age 7 years 3 of 5 or

60% of the correlations based on N > 20 are significant.

At age 8 years, 6 of 10 or 60% of the correlations based

on N > 20 are again significant. Between the ages of 9

and 11 years the magnitude of these correlations falls off

and the number of significant values is reduced to between

25 and 34% of those reported values based on N > 20.

Table 64 shows the correlations between the Synthe-

is subtest of the perceptual tests and the Reading sub-

test of the MAT. At ages 6, 10 and 12 none of the corre-

lations are significant. At age 7 years 4 of 5 or 80%

of the correlations based on N > 20 are significant; at

ages 8 and 9 years the perceatage of significant correla-

tions drops and at age 11 years increases again.

Table 65 shows the correlations between the Inte-

gration subtest of the perceptual tests and the Reading

subtest of the MAT. At age 6, 11 and 12 years none of the

reported correlations are significant. Between the ages of

7 and 10 years the percentage.of significant correlations

based on N > 20 varies between 100% (at age 7 years) to

less than 10% (at age 10 years).

7 8
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In general, these correlations suggest that the

perceptual tasks are more frequently related to reading

between the ages of 7 and 11 years. There is a tendency

for the Discrimination task to be more consistently related

to reading at the earlier ages (6 and 7 years) and less

consistently related at later ages (8-12). The tasks of

Analysis, Synthesis and Integration are more frequently

related to reading after age 7 years. This was expected

since these latter perceptual tasks are later in their

developmental emergence, and it is not till after age 7

that performance is clearly better than random.

7 9



Table 1

I

ToTAL

Sb PIN tills, Sb 'I VIII
, 4

1
"

1 }.." I.
I /

(9115 26 V'n.Palct;
'N.

I 30,

. . ,... ..... .... .. . ... eve o , , -, , haw ,am. o

11

I.

1."
/ I

'.
I ,

I

58 7/,05 3,,5Ri
1.8 93 13, 44'!Iii .-10.11.01553

;,

3b',75'371103 ;
6 gs 7g7./.3,47,1,

;

1 5
7 lipLkal,;VigiFic21 30.16C31113 3)110 100

i - I
11;73';CI I31

i

0 ;

10 , 115 .1 '14111 .0/10;7N7lil IP-161113V
,

,

1 ,, , ,
,

IX:78114411415 )7161410,mi ,cseqi 209 i'll 1.P (32.i0 154
,. .

, 0

106 78175 /34,ii
. ............

1

II i ,

25 76.3t,'$-Ig .?"))?.?? 1111,0 f3i. 2713 66 30 ?9 43 9117 113 7q;c4
,1

. ,

,

. H.-
... .............1

, .. .

'i

.,

h I!
,

!7 6-,?6 OA 1, 13,711 36 ?5,13146E,.. gb. 711g pptshi
. ,

, .

I.

.,..
,,

... ..... I

t

i

111A i 63 ; 01.33 Phi 71%1'453 Was Pot.
;; ; .

1

.
. ,

,. ... ,
. . . .... . .....,

;, . ; ; ,, . ,, ;

,

, , . 1

,

, ,,,
Iii ',37?,5? 104.3 -17,, logo

I

: , ! 1

i :,...,,................ ..........,,,,..........................:.................................1.,
....... .,......,.................,,,,,,..... ..,. .. g,....1 ...AO.* I. or.........d......40.144.., m.

1 :

11 1.

I,

i; I,

1

1 ... ,
.'.1

1i 1, t .

j : : I .
I 4 i i

I

,' 1, 1 r... I.. . 4,..1. I r...1. ..., ..1, ..011/....rA 41 . , ,I, J../.#4...." ...or +oe F. 11.1...1 .;*0...... 1. ,
, ' 1 ' ,' 1

1

II



Table 2

Y4.11$.1f.yk, w.1.5c.10F9PriNc..L.Ourpc±.11..

I ' ,,.
, .

7537)413);7,-10.93g4digj301'3111
) `5

11 , )7$
I

!
,1

,

075131
-1'00 arYPIA ?NI 2/ 0:307bm e, Iil

, :d,c1-11g3'4'03.:'7S037 4'3311 22,0 AO 2'3, .41) 0,1,5 1,..1)370?1;171.71,.,

..., ,

)
I

,

1041108 ?3,% ift;316.70 0761'3o 750 13.35' ,113-17,34./141

i;

I

75,16" 'C114111() oW DIO 111,0ItA PI1S )00
I I

.,

22, 71,31 5X '5ml )(,qo 1i

;
;,

1:

)1',11 Jegl,21911 Pdo

'

1

1

1;
I

I

!I I

, . 1...; 1114.4.1,41,* .104.04.1 ...WI,/ 444"

11

I '

1

t



Table 3

1.:1.1117

la 5
Mti 'I. tb Ni rt'l 1st I 1.41'; 01 it d ma Sb

,

1

.

. . 7 1......,,,,,,...........................

1 .'" , y.1
1

I
' 1 1 . '' i ' , I .. . 7 :

, , .. . ! i ' .. I i ' . ,... ,

. ,.

,

4;14 30: 64-1 19'51 'i ' : , i

-
....,..:........------......,,, .

i , 1 ti.t

1 t i, i ./ V.,
4 . ,

, li , , ,
t i ", ..i," I

1

1 8 logoo
V '

!V 0
t

1 t

f .... 1. 53 813b 15 153 /
;

I 1 '. i f ' i N '
e

i t i
1

1
: :

t ,
i

i ' .' '

V

i d1 146 13.31 ''Ig,6.111 .17'01' ?0, 744)64
1

.

iI

d 'I .1

'' 11 ..,,, d ; ; ''' 't 1

k

1 c15 -11,3, 11,Pb° .1.',"115:i1V17, 30'71510 'Ilt'L,I 473.63:11,61 Iii., "': .. ! ' ,L .' . 'lli ! lig 10ig :15,4
,

. , . i. ......,,,.--$.., ) .._4,...., ....... .... ., .., ..... . .....,....... .....,*.. .... ... .............,,o.,............ ......,,.........._,.....,.........., ....................__
,..

...

!4,01P .11151 i,'611) '174'13115 19 j3.52,10 76,90 '32$1 .,. . 11, : 110 731/515.6s
,

-TotAL

xS6,67 1,57

1

s'

1

ild,,15117 15.78 "27 1113.71
10875,75 1557

I r ;

1:

11713i1 15 94?1 /1/ 019o' 71,13. $137 aI

;I

;
I

1,0)7ui 0,5?-,o7c 1111INT.63. is%

1 .
i

s
, . ,: I

',.. 1I

. 8

. ':.I

ii f,c661,1i,i(irx, ili:7V.11,Sfi 6-N.70,1517
1.

1,

I

1
11 , 1, 11

.. ..
l' 1/

I .

. ,o

1

11 II

1! : It , j

II I 1 '' Ill
:.. 1111 317"1I

il':P31,7645 lulo '.
I q .,;.

.

: , . ,
,

' - ----'" .... ." ' ' .. ' i' '' - ''',"--.'""" - :......,.... ..-- t. ..... me' ..., ........- .,a, . ,a,....., , 6, i.. , we.* , ... ,,,,..,....,,......r. , ,..4.011,,.. mom,. VINolia," ul..1,1".1 .....41.41.1..........., ,..o ...a ...pl. t............1.1.....0611/.....,..... .

! 1
f i I

11

l 1
.

i
11

(. 1

1

1 ; !

., . .

.. ....
..

1 ?'

i t

, .

.1( A6! Ait i

fliftIAL 'AIR I, i

, ,

r:

1

84 1 t?f,.ttill
. 1, ,,,... J.,.... . .... ...,.............; .........,.., MM.., it.

i I V

i s i
.

1

i 1

i;

II'

I i .4

s

i

i

if !
.

I a /, ,,1 1 . .... .. 1. 4 *40,0..0 .119., ....114:104,...1.1 1001.1.0,*, 1.0,1111.4,,,../i..... 4.0.0.1141...,

I

I

)r /



Table 4

vAgrA$L.E.,

; E IR
i trrila. 1

AO V I N 'sD N I Md ; Sb ini' tild m g s
....

1

. -

0; SD i4 I Mo flo

- ToTAL

WI M I

_., ...,........._...........,..

1

!.-, .., 1

.

I

i .., i I

30,73q715.14. ;., H.,.. "i ',..''.H. ....,1 ,..,.,
; ,.....

, ....., , ,

, I.:
.. 30,73.1715,1if.

.

;
. ,

;
. .

... .
.

.

i ...,,.
,

..

, ,e.
..

! ,e'. I.. `..: '
,

8' 73.t6 I gl 30'.1g.7010, 1 ....''':.,.. 1,, ',. - . . , ,hi .:. ,.. 53:76134?ig5
,

, , : .. - ; ',. '''N I . ;
. .

,
,

,,.,,, 1 ,, ..,
, i,.

gi ?1''S ll'ic;047.78'5;IM ;30',8114°1'189!, .,
,

. ,

, ?ii 86.61401g ill
,, , ... ,. ,

,

" ,, ..., ....... pr....* , ..., ..,, ,... , ,, ,, , ., , ,, , . .. . .... .. . . ,.. ,,,,, .1 , 0., i ,. , ,. ,, , , . !..1.1 .
I. H i ,.1 ,

Z SC48'1307 83.0o ',145 ';$11114!18i30*Iii13,goii : 8479 (7151
II ...

10
00 l77 9,191(SP16.1,5;g6 ss.39 .15,55 ,eOP,1161 I 65, 0585g6,1,90

;

13 ;

1 ;

ote

:11146g

ig.maLvEgg

ou or Quay

I

;A 6119 I5d.:1P5 90.1)0.16.11,1 91711#4.1012.1°'141ir (6g(i'17 1517
11

,
;,

,, ;

LA. 9),1 9/'33131011,
, ., ;

I

I t

;

1

''ap? 1260113,17,36a%to loitti5?0,41:1543

31:15.73;Nili/161579alt3,1_1
1,11 a,

ill(001043 11

I

I

911°8 j01421

I
1.1

f ;

I

! I

!

1

1 II
',1 .

11 I.

i 1

; : 11

,
t , °N ,
! ! 1 '1:

1 .

IMINIIMMIMMENIMmot



Table 5

of
I i IJ k

1

1

11
il

III

AZLE 44 M4 ,0 111,4 i /Ad ! SD 11,41 Mit) 1 41 110; MO li SD d tIN'i$b alivig ill) Ai AN isbo g '1, IV ,! Sb
,

1

.

,.---..,..............
,,

.,.

I i

I;

: .,, !, , .- *; i . ;, .

;I /
I ! I .!

1 '1
1

yK 3°70 3 1

.

I .

I !,,
1 ,,,,. . '° I

i

.. N

1

( i -
1 , .

I

'1

I . ..5,i.'
. .1.

1 gl 7.3 go6,1 30 :150'lqi35,), .: H '
, ,,

,.

, ,, , ; -;

,

! ;
, , I

' t
...'" ....:

' ...., 115: 6,750,15
1, r .. 1...... ... ..

1

1

i( 1171 "84 1Z,olf..,-0(711.-io ,Ibli,30 ol,53'1(I3 i' ....
, . . 0

r

, ,
I

gbr/61/719i35,

TotAL--

;

.18 7778 ,h07; '0284)10' Ild3 ,303 15,33
I

1/0.8h5:131/7
11

;

I

I

1,66.00, I5'87 :212 IS' 11), 04(0 ./9,21/1' lo5,:56313'511

11,23)542.841$42al?, 7o?'1,60n6113`0156;
11

10.587#1,t17 1)..

I

.

1

11

.;

i

''2i, g914a itt.178'V % i/? 17,*30" f3,60 1,2161;3;46A loVi-)111 lis16,102
T,

; .; 1,
i:

8
;

k di, (W 676 i,1Q9C 6i .b qvtNi : wa 8t0T;r1.51,.
,.,

!

Ai AO!

88
PIO II

..

!

.

. 36 Iv,
03-7;3'11,73,

;t,

.;

1.

,
. I '

I;

I: I

,

I

, ,...-... r ..-.) ,....',.......... i

i / .,
II I

... . - - I

I/

I , '
,

,;;.... I.;, i I . - . i .--:.

I

.,'. 0.,.....,-...,,, ',.";.........!+,

1I I I I

. 11 (IN 1
1

t ;

1

, ,

i 1 ,
11 ; 't.' iril

1 i

, . ,
I

I

.1

li ! : : t I

,i



Table 6

vaosa Pii Num8eR

' .,,' ! 1 ' 1

, 1 .4 II ,.:

1 ..;;5 -'111d. 1).837.64219 15.13() 'tlb'5100i'30.1A713ioll!, ',,,.;"'"'", ., '.. is :. : 110760161051
, .,

, ,
, '

.

,

, I, f, , I

)5'"1:3 ilotfi911±7150ig.6iiria.6.7s.3I.n.5156 1.-'`ivi2,1 ', '. :j..' ' ii05:72.8t 17/c2
,

,

, ,
.1

I , 1

1

i ) ;

..... ! . .. . ,
I t ' i""''' 1".

,t 1

i ;

1 ; A :15115 1(7160
I i

;
515P181C1.9011)R;: 1// V 2; .131 936t.O/AQ. at

1

!

! i ! .., i
,!

1:
i !

i

.

i.
;i:A.S2iooltiri.qfP 17,3t36`.1107 1q12,0.130'1,33

'131104119155 ,I7,4, II,i

li;.

U ....'-......-' --IJ
( ' j

I:

)7 21/7g1,2,2,0i6111 ,K161;,.36 'ZOO DI
I

!

i

$5.801,4411%7
1

1,

. ,._ . .,.

,

!,'A552,6().03j4 S,41,1161,57:4,/ilog,301:
I,

1!
i 23i:,f561`1601q.Z.75:'ft'i:

,



Table 7

'RLE P.1M

/\6. 14 HO 50

byit 0 lb,73

73
sD IN! ripi

ri :R8 ,704317ig630 .;1.16

!;

7 1)76917174: Z1 lot rOaio; so,78.00
1!

ToTA

sb 11/41

1

éS '30 ;10o

5t9ibg:16,4! R7,14,6.2a.06g81,a1 qio 1510+

.as ,p30 ;.19 s3,s5 I;

!I 11

40523A ,)5 8a16 r23i;30 slip) 1117

'*AGE ftr
15Alz

10747 19

105108 1,11

1110584)61 904

9/.41, .194' 8207 iq,2230 1,t3 13116,0)7 8'116.1,1118713019,P0
ti

..271'q :10 20,15Ag7i3 1A3 I37 R81400)013/,

lig Z161',293:31 It I 2,57(ichi

tie
clqi13 Qiiq31/03 OH'

4

I I

!

I

IA

1

i I



AG5

Table 8

g

....7T , 11 S Yur. li 3. IL ..g 1 To-1AL

' MO $ li SD 0110 'I', S' I 1\111,41 .1S1) if! lviksi t, 50- 1\1 I, tilo st
,

, ,..,, ,,.., 4 ; /.42' i 'I

frig5 : CH
.

il Hi

I,
. ',, "., !,,,'. !,'''' i'l U'

I ''s I, .` ; .. .,, , ,'
i '''' li ,

; l' 1.' I i

0 !

'NI ,,e .
0'`... I,*

! .' " ''
! : I ..

' I
0 11 Al.

A ;I 0 ''',4
! ,. 'N ! U

.' 11 , 4, Nr. )1 r

,

1 ., li

i11 ; f
01 ...

q 1 ° 110 i i 0 i
10

0%

11

11

1 !

1

Ill' , i t

9 :0
;. :

. ,

t 0! i':o

i

'ID
I ,

:1 1. r

1

r/ .,1
,

41
I

11 'i

I,
I'

1

!() '151S7 11).1b6'; 0
,

,

I it O 0, , I J 0 , .

.

, .

,

I

I W 'OCI' 'i 1 I i 1 °Ole° II 0 f1,33,0mo qitro Joist' 1

II

.,
,

i
.

1

1 dri inI
1

,

, i

i
,E H ..... I. : ., i.f1S'15' lir 65 ':727v 1 fi3t'lloc ,94 0:101 A F37:1112),11;?6,89.?6; 44

,.

.,

li, i

I

'I KII311/./,'114),'65.11t17 il"1"3k66:1'`16;11+;g70.111:Ps67
1

,

i;

II

,1

ri)Ogia:1911.2111,5.1 Q,7 tlf1[30911005.65
:

f)

1,11,9,:5113 1°635,15 75'11314
,

i, I; .1

ili

.
I,

i
,I ilI II

II .1

,

1

ii.
o.

, . .., I

id

; 1

'1
1 i

i
,

i''. .

" i a 1 r

'' INIT) AL NPR, i.,1
1 1, , '1! .. v , ..

I of' i,
,

I). , 0, ,

,, ;,,

34 .41,

. . . .. ,......_.;.. ... ................4........i............ .....,................1.............J.Ii .,.. ,... ,.,....1........--qt.......;......... ,,±1..11M1 es...0.6.. ....A,. Mil....... ala.,..... .4....1,.........41...
1 I

I 1

I

/

!

/

r

slr



Table

ViR16:tg..P.16Tr gii14-EgY!!.M,1:,ENCT

! , i

Act' i;N vio ;SD lio 1 SD pl

1 ;

1

;

1 ,. ..''
. ..,,./ ........o.......-

121:ii: 5 Y I gi 1 :221...
0 To171+1.---

[SD tti 0 1! SD 1+11, MN 1 5b '114 I titi !SD i tl i l'ill'i !Sb 111 Hd ia
........................ ,..i..........,.+........., .... Y. I 10.1.0.1 1 04 :NY.. 0 011 1 U./ .1 .1* I 0-0 , -0,...,0 1,......p.....................

I0' . . ; ., " I Y.0

.. ° \ :.
' 1

i i ."4"
; .,

0 1

I

'''''. t ' .

: .. .
.,

1 ,1 1113 0154'
,l'N., 1,', o'''' , 0 r ! '

N'''s
..,

I '.. !
.0'1 c

I
,,.....,............ ;, , , . i .., 000.41 , .m.0,, 7.,,,...1 *14.14.....1.1. ,.. I I,1:' ...we! , 0... ,,.... 4 ..............j

1

i
',.. ...1

;
,.

! 1

i

''...1

IC11121°7 :0173
,e' 1 ; .

s ...

1 , ,..
, i ,

.. 1., I

...
.

. t I
. ,i . ;

i
.

''' i.

s 't.l.iia olii. 'lig .;a148.1.04761 ;Sit 11c16 74.
1 ; , ,
, .

V..,

ri 0'70 131117,0,113

9

.10

111311

!".

I
,0 0

,11 0110,11000.6.4

77'0;1.713:11.g37j1

NY, 0., I. Y1

tyl

dtg° 0188 V+O:Diis I6 f

14

21610 al-15 qi17 243,01F
; ..!

I

g3: 58 .11 3) 163155 Of ;q1s2 lie( 136 3,1 1.1°3
i;

.1.1
1".

410 2q,77 2116,130 )1101 'h311 !g54,?, .1,7

;

.;., .

;

5,1)(0:Q?,61

,

01674,78'

firea
! !ill/444z
orsor

1

11

s7:913
I

li

,

1

,

i

I ,

. I

;

i

1 ! i
!

I

I '':

I.
!');i 'I, °3 1.1

0 : .
1 r lq '

;...a...., ...I.., .1, 1........01.-,6-Jamomenr .1................... aml..1,...

I

I

1'

1,

060



Table 10

vLi El%l4L-7

j*
!L L i

: i :i x
rAL

r 'N

; H

fr P
r M , Mw 1'cki M Sbj Sb

- :. -- L
---III

II I

1.1'o III

l
r

III

i°'° 0
I

5
3O I7 3o [o

to
4i3sJ 7ItIO3III

H 5l3) jtIolO 15

ii
I

t_c1
I '.I

4i
Il A/O' 17

I

J
ç, o

,., ...... ,.,.,.:.,.-,,.,. .,. .

. ...............

-

11
L3I

j.

5.,
p /

;;
i..'

. ... .... -- ---......... .... --........ .. ......

II i

I
I

1

it
I,'

...........................

...........................

AE AT I

:1

98 ° J J t i - -__ J



Table 11

yI;, E±AoLYr4:GPe E,VAL6WT

L1L
XL.

icr L

L
I

- -
- -

II

I
1

I'
i o

-
- -. - - - - -

i
I

/ I ,

i

I 5 3oO'3l 3,V O1
7 ?i1tiO

-

3tSo973 i 5/D3,'t3a ,7a.oS9 375 o9I

..........................,,,.t ..................... H .,,.

S 4' 1
3 iq q, 19 1.O IP

)::' ',Vo I,(? h I7

1

I

/t/ /,o3'I ! O35',i1 l6o"(,?2

1L1
I; 1

1

.,
..:.,. ............. .. .: ........... . . . ......... _.... ..

1
1

1

1

1
j1

____i__

I!I.: f
6EA1

I

1

1

1

-..........-., ...- ........................... ., - -. I -.,-. -...--. .l...b. .E.

IA 1 .
1

,. .1,

niO
.._... .,,. :.



Table 12

vi T. ±LEcc. _____

M So t' M S fr1JJD t kJ b

I,
. I.,

I

II

' I

1
I

I

I

l

I

I';., .::;
Ii

I

t. :,.
.: ,.

1O'OS'
I

5 1O O 3j'O5' I ll 3'071

fl O O'5i 3L3 I'04
) Th D'f :377? '7

3O'O S 2iO1 340 S'1 Q

U
D'% O 7 9 3Q hO 3i3 b95

12'
O3 '

L/è11 O533 3' I1O

I

I

ij
Oi7? 3' ? O9f I'OoO.7

1/O O,1O
3 3'IOO'77

AG Ar ,,

I
: .

I ....

102
O3



Table 13

VI V,

M6 IN :st) 11 Mg SD

IL

, , I

I

I L..

I

.,

I
1

''.. I . , 1 I.

I I .

1,,'"1,

,

I

i

1
1

i g ' .
.1

. .. I 1.14.4 11 . 4. ... 4 I . I' t .. t to.........i...... , . . ,..., .. il ..t. . . . . ...,. ... .I 'IP 16. fl -ft /1. -11 - -,- 1

1

1 . I,

.-
. ,, .,

: '''' ..,. i .,,,...
1 ., 1, . ' ) ..,. I

, 1

. . .."'

A

i

i I

1
i

b

A
h A Ah hhhhohl

1 AA'

I

.

1

,

IfZI) 3.37
,,, . Awl.. le owoHh. hr.

11 ,
.A.

,

0,50.153.01,1.711,91153..50? ;
511;5o053.6o

. IfIAI
,

.
I 1,

1 I

t

I/
1

1 1.

t
, 1 , ,

, !

9 AIP5)11P' 4.' II '1,';:zi 5/130181 53131n; 't ., 'il 1 ..,:,,,
. 1 i 1,... .. , . .,44 ,,..;..... .,: ...1,..,,,..,_,.,,,,............1.,...,:....,.......
1

,..., ., 4 , 4

,

; 1

,
.

,

.

, li , ;,4.. ,

,

,

.

.

, ,1

514[31771';!Zs5'°111'gic7(95(951.61i5',1.
! l'i .:: ' '. .

11
1

. ,

; 1,

1, ! 72;55,4a 31t3;

....

, .. .; , , ...... ,,......,.......;J,..., ...;.

,.
;

;
It ,

; , i! . ...
,

.

.,,,-,, ,,", ,..,"..-;."----,"1,

-57,01i.,36 ;P:Si55.`. fDtii.:,2tsc ?fo?Ia '!h--------.;11i
1.17570 3.43,

, , ; , ., :I

SI ,521*31W

'1

.

61.33.651(17?0,01
14

I

II r.??6i3lot 4 6,i30118 '3c1 61 b1.6101/

,.I I)
1 1,

'I

i

! A t

-
A

1 I
I I J

1 '

.1

ii 1 :

1"' I

A . t .J. . ....... ,...
11

,; i

1 1, iii : 1 11 .

1,
.D II4 Aa gr ii,

-, 11451AL i ; i.
;: i

H '

1
,

1

i

, ,I. ,

i oFsTo 0 ,,

1.04. i ..

j
f

. li 4

1.,,

; ;

ii il

, ...

I

5.Sl.WPOol3i83
I ;

?.3 66,srl?311153:3138,.

..... .
11` AA. IIA A ./.....? 11 ..... h

1 1 I

I

I

A

i 1
'

A

1

11 1 II , i

..,.....1...............4.,..........4. ,.......1.............p..4.......14.7...

1

t.

1

1 1



Table 19

yAgoo:

4

dlti
i Sa 1 1 .5. it
1

1
,

MIN isb,. IN tio L4.1) 0 riN st) i
.. 1

t1

I I

I ' I

t 56'37 )6 IP

I

.

al, 0100'33 710itio
1

I

EC

N Sb

11
i;

11;b().5517,97
, I

MN Sp Sb

It

oohs

56'37 16'0
,.

1,151: 61'35,1731

1 71(io 108

0

1 '

0 000000,000 U ' 0 1t 0

I

i

1

1 k I I 1 0 11 t
1

.15.5i Tr Eli IIP LI.3 l';U ii) ,qaxiq,OiH
,

1 I
,

,

1,

,1
,
i

!775/ 17,69

i. I., ,

1:

.: .1

8ssPoilfta(9134111taal tt,7Y)Oil.,

I- i.:

. I,
1721.4146rI

1;

1 I
rg 101,1042q/0),Z3olciA 1634:%3; k 1019 an!

,
1

It

12.

P110(4,0Nla,3110961a1V?q,7 '1)111,57 30#031

il II !II - , -1. ' ''' ' It ". ''' '' ''" '"---
i

1 I.

i1 t.1%,13 3S41,121(023111) Z/#58'.1;5.07aliter:
,

II
11

h

16/4316;(23)3610140'1111

!

I

1

ItAa Ar :1

;
I grrikg:111_4

;

I 9f. STILT/ ILI 0, 0000 el I.: ,3.42. 44 go tow ,.
I

I!

1

J .. : 4064,...1...0........eL
1

1

;



Table 15

*.',

1

.4/
4 ,

1

1

I

.6. .4

30, S.,5..3 516t. e'
I 'N.

A .. ,11.414. 4.1. / *SS

'AA

r.i Ik1119 4135130,1 'IA 1104 4.. ' ..
.4,44,1

;
VII Oa. 14. M.. 1, 1.11/ %ft. .6 AO ...h....4- - . .-) P --;P -

,

1 "'4.
.

;

I

p6.,
; p

3:1.1 I 141.3/64 fillESOCI !:112)1+ 30 IR,55,3151
a

I I

I

1 ToTAI.

N I Ho 1 $b 1411 Ms i St, r411 Ho Sb,

,.... i , , , . , .;
, 5. ..,,

..,-

.,

I ,

I r '

; I I I

41108 c2$ IM';;611,0'
i di101/3/.4P.gqg

; .1 :
;

'58;1063,44.3i

!

tlf louv 3'Fig

; ; ' .` ;I

.
:Z41:!13100; 3.0 24. It[158'.1111 0:11,31t il., 03,??0?,17 I

. ..
liS il+107)17

i
.

., ,
. ,

....... ,

.

,
,

pl 161111. higi tl,.,I(P ILL Pa'i 2 904 14 ti,lthi 1130.'1.3'). ,40/ 1114. 03t,943

1.1 ,

. , 1

! ,.

, .
. ,. li , . 1

1
I .*. i .

.

I I

I
I *A., t

:S.6. 1115 qA:P(sT).2101 5o Nal .taloi 3ii3o I 210141/ 418'a b13 1-
. 1 . , , ,

. 1 1

....

14 .

' I I
, o,,, t

I t t ,
1'

117?.11/ 01 91 3a.l.',111!11 VI '1,g6 NI ii3 II '11,01fq7Po
,

, ..... . .

1 -. ,. ....,
,

, , , ,
.,1

..... ..

, I :

,1 i! ,,...
1')C11 :I.L6 hq 141,35' 1115 '5g;1513T14h

II i,

, ..' ' ' . i . 1
I

' 1 ,
1

i 1

1 1 II

0

iI
I

0")6171i4 I i Ci A315;18111 11°S
it

11 4.4
II,

li ,.. II '' ..... :1 ; 1 11
I

.

i' I

........ ....,..... r. oser.......14 am.,

I

1 1 1

. .... I ,,....,,, ...I ......... .... ............ te 404. ...Ts.. A.,. 'A. ***** r...100,....i.

11
1

I ;
1' !

I

i 1 :
1 '

1 . r
1 0 0

, I I.
t

i I

Ase gr
1 , ..,r I i

0....-.....1 ; ... 1,......, ...". ....., ..; I ... .... .. , ....; ....,,,.,,,::,,,,;,.........; I, 4. ,..,., ..,.......,..,,,,....,. I .... 0........, ' ....... ............1..............,

!r1( I,.
I; . ii

,

1

)

1

,

I. ornAL I . 1

1 I
1'

i I ..,, 4.. 11;,.. .."'

1 (4 ; 1 . 1 1 1 i . ;

1 1
ii . !

I

1

;

1 . 1
, ....., ..

..; i `, .......4 I ' ft..' .4. .,...1. ...;.....4:;.;.:..........

f , .1;
. rj

,
4



Table 16

'I
1 L

I

'J.
H

:
: t

AGe' sLr LJN Lb SMNSb
;

1
t

.,'( f
I

O'° i _' L
, ,i

" .J
'-:

'b 1°
° :

,.,....
r' ;:.t::-'

O0O1OsLOø r

I

.. 1

7 O'31 I'Q 7O33 )i32O

it
1

1'-

53. ?.71II

p!.. . ,. Y'°,

-.

I
I

33)O 5I
/'c!

j 3toO

Ii
I

II.,

(3 q,
i? 30t11t)1 13O 3'33sj

'4.

1
)1')q I5

9i i1
ii qj th Q

(2io ISj2'

J
2 d3 qg1

-* - -

II't
- -

I
- - - - - I

I
1

.

II _____J_
1

110
I:



13

Table 17

YARi1,11)git.t.4.E.fr..1).AL

1

11

; R3.6 , cit),0q7Ifs,6#0 ti6 !to3 62 tlb ill 4,003i71

, ii t.

!II '' '. ''
`. ,'.. '''''' ,2t3,? b,61

1,1I

12 ,301Z3,!.3,?/,.//0,,,5/1."4.' ,00.,
1 . I . 1

I
;

1 I I 'PI

lo.,. i., r,,,,111 6 , i I,. .1.1, i l 0 ,,, . ' ,. Iv,.. NIIII.,

I

t

1

1

. ,

1

I !,
1

I

.

d

1 .

i 1 I

i

, I , I

.
I I 9 i

., , , . -;,,,,,
, , ..

II ... .. . . `!;') :7,-g.11,9,. ,6t?3,300',58'.71,27413,1
,,, .,, ;1 . .;; , ,. ,,

,-.

1

,, . .

. i..
,

, ,,, . .....IIV.IV.

.

. i

ii.

o

!

V.v..... .. ' II L . Iv,...4 I , Ii...., 1 I. '411-.1., , 4,,,,v.' ,,, . i 1,.... V I., PP..., 11. VI.. , , , 0,0,, 4 ....gym. N1,0 .,.... f I v.. OVII11.1 1 ,*11,41.10.1.1.11141 V

it I ."1 I
I. t ; I ' 1 I I

.:.

1

I II
I

1

;i
i

ilifir4 i

I

I
'

; 614

oF

.11 !
,

I

; I ,

11,

.. I
... ... .. be. iv,10.04.1.61,.... sa11,110101,4,0 1/,'PO ..,1 MCP -.,I*-

1.12

111161.01.1.1111.4)

r. . Itt if

.

11 II
. , . ' ,



Table 18

1

.
i

i
1

ite
t

1

,

1-101AL
,

_.::..t.O. 1..4! 0 ,.._1; t i I...till ...1 SD 11LPIti Ica ; ri I plg !sb riltiii4; sID [NI frig lib g .i. it) 0; f4P 161)

i . 1, i. .,....

,... I

it 1 . i , I., 4 4

!

II

11,

i

I
to i

;3o1i01670141

i !,..- ,... ,

,, .....
.,..

I 4. 11 1 .... ',1,..

; .:,:.:,
, .4.1

... .0.., 30,DisToiqg
; ..., , . , 1....-

; .,..,, ...,-,
, ,.... . ,.., ; ...,

; .,...,..d.... ; ,

,

,

', ,

1
11.1

:

i

I

164.oq31113 i.30'01(77q14.91
.

,

; II

I

.1

, i :
,,

I n , ;
I A

o
iXt 130:1'51f :Q1., 1.071Olilb PO

n a
.

.,

, I

,

;

2445
.., L.,

;
i '.

,r, ,I, .: ...;

'
11 ,

,

. . ) 'I. .

. ,I;,!"
''. ,.: ''''' ,. 1 116 0?1/4 ;.Igit3C1 I

I

i 1

; 1

;

/1 ' li. !.. 1,

:
'; Il ..:1 ; ''' h ',

I
I

Mr; I ii31027,07:
,

1
. , i

;

I ;
,, , ,I1, 1 .

,

,
I,

d'33,21101A.R.Ii,l'',3;0i,,Rb. i'$fILI 13D1.10,;,,Vi 1 ..i, r:. ;1 '.,.

i -. 1,1

i

i

t ,

i ; ;
11

a qt 21 27p1.3 1070b.:L1,61.315-11; !... !10(7;,34)(1'333
it'l i

. , ,

I

I ; ;1

.

.4

113p11,1:?$'43139R71610S1D1,31(.9.1364-11:3.3i111114.195,313111 ,
. " . i ..'

. ' ,. ;', - -.0. -.-..,-.1 "t''. "!' ''''''''".----
ti , L- 1

,t t

i i 4 t '
I 1

. 11,114113:' Olfq, 17; '7i.6120 1.1i !'..33°31g8 :51I8 bi(11 1-

.1 i

1

I j ! .,, i ,
,

1 i .' 11
,I, I

)1 (Oli T,Lt V14.1 61 17 il 11121.1 '153., 10191

1

44) 1,
1 I

V ';'".'"':',1- '''..' 1L'I' ..".....1..'"*..."'''. 74'y
L

i

1.,
10. "-- .t

.

.

,

.. .1

; 11. . ': ; , I 1 I; .;; ''', II' ,' ,
' '; ij, . .. ' II

. 4;

1 I
1

H ,

;/ : 1 :

* ii
I

r .
1

I 1 iwIllifit. `ikiZ ii 1 1 1 ii

'.1
i 1 i

I

I 114 i Yr"PY,, I" , I :
), i

, 11i-tii 'It i
....,..... . ' ....... 1............. I....................-L......................: ,.,,, ,........,,,...,.,,,,,,.....;

I

1 11 . -
I . , 1 !

,
i 1 , 1 .: i

;;11--



VARIABLE:
,WISC Verbal Quotients Correlations

olds

v* 81** 79**
i 14=27 14=25

88** . 87.

N=27 N=25

89

N=25.

,*

3r uhis

Yr Yr 4

83** 72**

3 to 27 Nr,25

92** 91**

N=26 N=25

90**
_

N=25

Yr

Yr
2

Yr

3

Yr

Yr

.2

Yr

..3

Yr

2

Yt'

3

Seven year olds

r 4

89**

N=28

92**

N=27
91**
N=26

92** 91"
N=27 N=26

92"
N= 26

Ten year olds

Yr 2 Yr Yr 4

91** 91** 88**

11=29 11=28 N=27

.90** 91**

N=28 N=27

94**

. N=27
i

Twelve year olds ..

Y r 2 Yr Yr 4

87** 86** 80**

:N=30 14=29 14=23

92** 79**

II=29 14-23

81.**

. N=23

Y r

1

Yr

2

Yr

3

Yr

1

Yr

2

Yr

3

Eight year olds

r 2 Yr Yr 4

91**
87** 86**

N=30 N=26 N=22

93** 87**

N=26 N=22

91**

N= 22

Eleven year olds

Yr 2 Yr Yr 4

93**
N=30

92**
N=29

92**

N=29

2

N=29 11=29

95**
N= 29

#Notel For Tables 19 to 6

* denotes p< .05 and
1*. denotes p < .01

Decimal points omitted.
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Table 20 VARIABLE:.WISC Performance Quotienti Correlations

Seven year olds

Yr

Yr
2

Yr

3

Yr

Yr

2

Yr,

3

silielLfayi

'Yr 2 * r.....____________----
77** 84** 78**

N=28 N=27 N=25

87**

N=27 N=25

. 93**

N=25

Nine year ulds

Yr 2 Yr Yr------,----..
91** ,84** 67311

N=28 N=27 N=25

92** 83**

N=26 N=25

4
..

'86**

N=0

118

Yr

1

Yr

2

Yr

3

Yr

Yr

'2

Yr

3

Yr

2

Yt
3

2 Yr3

laallyear

4 , Yr2

92** 88".

,

. 88**

N=28 N=27 , N:16

,

9714'

14=27

._.. ,

94**

N=26

' N=26

len year olds.

2 Yr

Yr

1

Yr

2

Yr

3

r 4

93**

x=y)

89**.

N=26

94**

N=26

94**

N=22

91**

N=22

91**

N=22

fleven year olds

4 tYr2 Yrr--------
92** 1 90** 93**

N=,29' N=28 1 P27

.93**

_.

94",

11=28 N=27

,

,

.

94**

N=27

._

Twelve year olds

Yr 4

89" 80** 86** .

.N=30 P29 . P23

90** 89**

11=29
.

N:-.23

*

93**

N=23

Yr

1

yr
2

Yr'

3

Yr4

, 93** 96** 96**

P30 N=29 N=29

93** 94**

N=29 N=29

96**

,

N=29

ko

119



Table 21
VARIAREAISC Fu 1 Scale Quoent, Correlationg

Yr

Yr

2

Yr

3

Yr

Yr

2

Yr

3

Six year olds

Yr 2 Yr

87** 87** , 84**

N=28 N=27 N=25

90** 91**

N=27 N=25

94**

N=25
....

lUne yea.r.ulds.

Yr 2 Yr Yr4

88**

N=28

.. 86**

N=27

77**

N=25

,

95** llit*

N=26 N=25
.,

-
91**

, N=25

120

Yr

Yr

2,

Yr

3

Yr

Yr

2.

Seven year olds

2 Yr r .

93** 9010 91**

N=28 N=27 N=26

97** . 95**

N=27. N=26

_

97**

N=26

Yr 2

96**

N=29,

,

94**

N=28

96**

N=27

,

95**
1ir..28

96**".
Nr427

,
, .970

N=28Yr

3

Twelve par odlds

Yr

Yr

2

Vt
3

Yr 2 Yr 3 Yr 4

85** '82**,89**
'N=29. N=23

93** 85**

N=29 N=23

,
,

90**

N=23

Yr

Yr

2

Yr

3

Yr

Yr
2

Yr

3

Eight year olds

Yr 2 Yr 3 yr 4

97** 94** 95**

N=30 N=26 N=22.
95** 91**

N=26 N=22

, 93"
N=22

Eleven year olds

Yr2 Y

96** 96** 97**

. N=30 N=29 N=29

,

95** 97**

N=29 N=29

97**

N=29

.1

co
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fable 22
VARIABLE: ;MA Verbal 'Quotienti Correlations

Yr

Yr
2

Yr

3

Yr

Yr

2

Yr.

3,

Slx year olds

Yr 2

71** 71** 46*

N=28 N=27 N=25

76** 63**

N=27 N=25

80,*'

Lilneyaria

Yr 2 Yr Yr 4

45*
N=26

,73**
P25 N=24

,

42*
N=25

47*
N=24

.

. ,

1

,

79*t
N=2

Yr

1

Yr

2

Yr

3

Yr

Yr

yr

3

. Yr

2

Yt
3

11.2

Seven year olds

2 Yr Yrk

82** 89** 70**

P27 N=27 N=25

85** 79**

N=27 N=25

77**
N=25

lEutralb.

r 2 Yr 4
,

70** 56** 69**
tio29 N:z27 N=27

.64** '6344-

11=27 Nr$27

69**
. . Nr.26

,114414114:41Lis,

Yr Yr 4

25
N=30

_

31

li28
'01 .

P23

47*
---7148

51*

111111 .g22

Yr

.1

Yr

2

Yr

3

-Yr

Yr

Eight year olds

Yr 2 Yr I Yr 4

75** 64** 70**
P28 P24 N=21

72** 68**
14=24 N=21

.
36

N=21

........_

Eievel....121L9t

Yr 2 Yr Yr 4
,

23 22 , 24

N=30. .

N=28 N=29

,

21 65**
N=28 N=29

07

.N=28
4

,1

123



Table 23 VARIABLE:.PMA Perceptual Quotients Correlations

Yr

Yr

2

Yr

3

Yr

Yr

2

'Yr..

3 ,

Slx year olds .

Yr 2

54** 55** 48*

N=28 N=27 N=25

57* 13
11=27 Nr-'25

47*

N=25

flineyear 11.111

Yr 2 Yr Yr 4

58** 59** 54"
I ..

N7.10 NZ".:25 Nr424

..

24 39.

N=25 P24

39

t1=2,

.. .

Yr

1

Yr

Yr

3

Yr

Yr

2

Yr

3

SEE.yeal_.olds....

2

65** S**

N=27 P27 I. P25.

72**
127 ' N=25

_

' P25,

Jen year oldl

ri Y Yr 4

36**

P29

69"

p:27

59**

.. P26

72**
J

47*

"P27 Nrx26

5P*
. P25

bwmimYOMarrimar...10.NOmi

°Twelve year olds

Yr 2 Yr

Yr

Ye

3

121

Yr 4

5,6** 58** 16

tir..0 If=26 N=20

_

42* n
N=26 N=20

NO.,19

Yr

I

Yr

2

Yr

3

Yr

1

Yr

2

Yr

, 3

Eight year olds

Yr 2 Yr 3 Yr 4

73** 54** 64**

P28 P24 N=21

52* 69**

N7--24 lt1=21

80**
N=21

Eleven year olds

Yr 2 Yr Yr 4

55** 58** 56*

, N=30 N=26 N=20

62** 36

N=26 N=20

46*

N=19

125



Table 24 VARIABLE: PM4 Number Quotients Correlations

Yr

Yr

2

Yr

3

Yr

Yr

2

Yr

3 ,

Six year olds

Yr 2

8c**
. i

N=28

73**

N=27

,

.y**

N=25

77**

N=27

59**

P25

,

85**
P25

,

Nine year ul.ds

Yr 2 Yr

L.

Yr

64** 0 53** 72**

N=26 N=25 1144

,..

69** 74i*

N=25 N=24

_,

58**

126

yr

Yr

2

Yr

3

Yr

Yr

:2

Yr

3

Yr

1

Yr

-2

Yt
3

Seven year olds Elltiett.

2 Yr 4

94**

P27

86**

P.27

89**

N=25

80** 82**
N=27 N=25

, 92**

N=25

_

Ten year olds

r 2 r Yr 4

78**

N=29

75**

N=27

67**

N=27

90 '
Ii

.

.11.127, N=27

63**

N=26

Twelve year olds

Yr 2 Yr 3 Yr 4

62** 61**
V

76**

4=30 lif=28 P23

38* 73**

N=28 N=23

69**

N=22

Yr

,1

Yr

2

Yr

3

Yr

r.

'Yr

2

Yr

3

yr 2 yr yr 4

83** 83** 78**

N=2.8 N=24 N=21

87** 83**

N=24 N=21

80**

N=21

Eleven var olds

r 2 Yr Yr 4

81** 74** 56**

=3C, N=28 N=29

59** 59**
N=28 N=29

41*

N=28

127



Table 25
ORIABLE;;PMA Spatial Quotienti Qorraltions

Yr

1

Yr

2

Yr

3

Yr

Yr

2

Yr.

3

azar c_11111

Yr 2

71** 56** 66**

N=28 N=27 N=25

_ .

66** 65**

P27 tim25

. 72f4

. N=2.5

Nine year ulds

Yr 2 Yr Yr 4

72**

N=26

,,63**

N=25

7X**

N44
,

_

61** 60f*

N=25 N224

.

70"
N=23

\ ----

128 ,

Yr

Yr

2,

Yr

3

Yr

1

yr

Yr

3

kgjear,olds

Yr2 4

89**

N=27

90**

Na27

. 80*

N:25

,

90**

y=27

, 93**

,N=25
_

91**

p25

,

ayjasidi.

Yr 2 Yr r

69**

N=29

74i*

N17
76**

'N=27

'N=27 N=27

, , .

83**

N=26

Yr 2' Yr3 Yr 4

Yr

Yr

2

YI

3

84**

'N=30 11=28 ii=23

0** 89**

N=28 N=23

80**
N=22

1
a

Yr

.1

Yr

2

Yr

3

Yr

1 .1

yr

Yr

3

Eight year olds

Yr 2 Yr 3
yr4

77** 79** 82**

N=28 N=24 N=21

84** 68**

N=24 N=21

78**

N=21

Yr2

olds

Yr

84** 80**, 85**

1=30 N=28 N=29

80* 78**

N=28 N=29

76**

,

N=28

1

129



Table 26 VARIABLE:

Six year olds

Yr

Yr

2

Yr

3

Yr

Yr

2

Yr,

3

Yr2

'WI #,1 :I

Yr4

'0 0 0

N=0 N=0 V=0

0 , 0

N=0 PO

. 0

N=0

Nine year ulds

Yr 2 Yr Yr

0 0 0

N=0 N=0. N=0

0 I?

N=0 N=0

. .

N=1'

Yr

Yr

g,

Yr

3

yr

Yr

'2

Yr

3

Yr

2

Yt

_ 3

130

ations

klayrolls.

2

0

N=0

0

N 0

.

,

N=0

,

p

N=0

o

' N=0,

'N=0

l'Eyearca 1

Yr 2 Yr Yr4

o

N=0

o

PO

o

N=0

41

N=4 N=4

, .

,

42

N=4

Twelve year olds

Yr 2 Yr 3

0
IN=B

,

42 9ook

N=7

25

N=13

65*

N=13

Yr

I

Yr

2

Yr

3

Yr

Yr

2

Yr

3

Eight year olds

yr 4

0 0 , 0

N=0 N=0 N=0

0 0

N=0 N=0

,

0

N=1

Eleven year olds,

r 2 Yr Yr 4

g 84* 08

N=6 N=6. N=6

79**

N=12 N=12

-------Vr--
N=12

..

131



".Table 27 ....plECE24.2..Readvalenti Correlations

Yr

1

Yr

2

Yr

3

Yr

Yr

2

Six year olds

Yr 2 r

80

P6
80*

P8
75

N=7

_

95**
P6

89*
p5

_
83itt

P18

Nine year ulds

Yr 2 Yr
..._...

81** 70** 66**

P24 N=24 N=22

85** 63**

N=24 11122

72**

N=23

.

Yr

Yr
2,

Yr

3

Yr

Yr

Seven year olds

r

70

N=7

72*

N=11

63

N=10

79*

,

, 80*
108 lif.-09

,

P19

Ten yearolca

Yr 2 Yr Yr 4

86** 71** 55**

P28 P25 N=26

87** '70*

N=26 N=26

.. .

83**

. . N=24

Itithey214l_ds.

Yr 2 Yr

',Yr

1

yr
2

Ye

3

132

Yr 4

,90**

P30

82** a

1,029

84**

P23

P29
79**
P23

131"
P23

Yr

Yr

Yr

3

Yr

Yr

2

Yr

3

Eight year olds

Yr 2 Yr yr 4

86**

N=23

71**

N=21

82**

N=18

.
,

:

N=20 N=18

71**

N=20

illy,EnyeaL.olds

Yr 2 Yr Yr 11

87** 79** 90**

. N=29, N=28 N=28

.89** 91**

N=28 N=28

86**

N=28

a, .,

133



Table 28
VARIABLE;

.MAT Arab Comp.Grade Equivalent, Correlations

Yr

Yr

2

Yr

3

Yr

Yr

2

Yr
3

Six year olds

2

0 0 0

N=0 N=0 N=0

,

0

14=0 NI:=0

0

PO

alnearulk

Yr 2 Yr Yr4

0 0 0

N=1 N=1 Nil

90** 72*

N=10 N=IG

86**

N43

134

Yr

1

Yr

2

Yr

3

yr

2

yr

3

'Yr

Yr

2

J

yt
3

Seven year olds

2 r 4

0

N=0 N=0

,

N=0

0

N=0

0

,N=0

.
.

_.

N=1

.

Ten year olds

r: 2 4

78. 54 33

N=6 N=6 N=6

86** 76*

N=8 N=9

.,_, r

. 77"
. N=13

Twelve year olds
.

r

83**

*19

804

618

87**

, 1W5

90*

N=22

85*i

N=17

93"-itig4.21

Yr

,1

Yr

2

yr
3

Yr

'Yr

2

Yr

,)

El qht year olds

yr 2 Yr ) yr 4

0 0 ' 0

N=0 N=0 N=0

,

0 o

0:0 N=0

86

t1:5

I

Eleven year olds

Yr 2 Yr Yr 4

67**

N44

76*1!,

141=14

86**

N=14

.

78* 84**

N=17 N=17

,..........-----------...
85**

N=23

._ .

co

135



Table 29 VARIABLE:Ma E ulv,i0brrelations

Yr

1

Yr

2

Yr

3

Yr

Yr

2

Yr .

3

Six year olds

Yr 2

0 0 0

N=0 N=0 N=.0

. 0 . 0 .

4=0 N=0

_

, 0
N=0

Iiineu ds

Y 2 4

0 , . 0

N=1 N=1 N=1.

87** 7)*
N=10 N=10

. 86**

N=1.3

136

Yr

2,

Yr

3

Yr

Yr

2

Yr

3

Yr

Y r

2

Yt
3

Seven year olds,

2

0

N=0 N=0

.

N=0

.

0

N=0

,
0

' N=1

Ten year olds,

Yr 2 Yr Yr 11
,

85* 83! 77

90** 82**'
N=8 P9

940
P13

Twelve year olds

Yr 2 c Yr 3 yr

02** 87** 89.11

N=19 h47 N=15

_..

92**
N=17

,

9,5**
N=20

Yr

,1

Yr

2

Yr

3

Yr

2

Yr

3

Eight year olds

4

0 . 0

N=0.. N=0 N=0

0

_
0

N=0 N=0

99**
-N=5

It31yea.L.,..olds

Yr 2 Yr Yr 4
.,

79** 89** 88**

N=14 N=11 N=14

87** 79**
N=17 N=1.7

93**
N=23

137



76**

N=30

794*

N=28

80"

N=27

77"

N=25

57** 73** 67** 65**

N=28
N=28 N=27 N=25

66** 76** 70** 68**

N=27 N=27

\-T2-"---T-16*

N=27 N=25

44* 43*

N=25 N=25 P25 N=24

,
Nine tear olds

69**

N=30

17

51**

N=28

52**

N=27

42*

N=25,

15 " 08 -02

N=26 N=26 N=26 N=25

55** 39 37 36

N=25 N=25 N=25 N=24

55** 39 34 38

N=24
N=24 N=24 N=24

Table 30

Variables:-

PMA. VQ. porrelated

with CSC VQ

2

'Seven year olds

2 31

80**

N=30

72**

N=28

,....

81"

N=27

75**
N=26

87iit 83*.* fitii

N=27 N=27 N=27 N=26

82** 7t** 76**

N=27 N=27 N=27 N=26

66**

N=25 N=25 N=25 N=25

Ten year olds

39'

fif.30

49#*

N=29

W-5-3-41
1028 N227

47* 40 75ff 4/*"

N=29 N=29 N228 N=27

060** 537*4-3637"

N=27 P27 )J47 P26

54" 55" 57** 45*

N=27 N=27 N117 N=27

, Twelve year olds

32

N=30

19

N.30

02

N19
19

N=23

Io 07 ol 26

N=30 N=30 N=2 N=23

01 05 -01 -07

N=28

-132

N=28

-IF
N=28 N=22

28 32

N=23 N=23 N=2 N=23

p.qht year olds.

A.
69**

N=30

72**

P30

-,..

66**

P26

-i

5-811

N=22

74** 65** 71** 734*

N=28 N=28 P26 P22

48* 48* 544a 39

P24 N=24 N=24 P22

43 45* 47* 4o

P21 P21 N=21 P21--, .1

, ......

Eleven year olds

54**

N=30
,

53**

N=30

57**

P29
59**

P29

48** 47** id* 30

N=30 P30 P29 N=29

50** 43* 41* 44*

P28 P28 P28 N=28

43* 49** 43* 39*

P29 N=29 P29 P29

139



ix year olL1

VQ
2

Year

44 4

4

0**
N=30 .

'74**

N=28

75**.

N=27

62**

1=25,

,

55** 57** 56** 48*

N=28 N=28 ff=27 N=25

28 39* 62** 48*

N=27 11=27 N=27 N=25

-10 09 36 25

*25 N=25 N=25 1.24

Nine year olds

43*

N=30

41*

N=28

57**

N=27

51**

N=25

11 03 ' 16 08

N=26 N=26 N=26 N=25

37 30 39 41*

N=25 N=25 N=25 N=24

23 14 24 06

N=24 N=24 N=24 N=24

Table 31

Variables:

1 I 0

Seven year old

1

2

MA PQ oorrelated with 3

ESC VQ

4

1 2 3

63** 65** 65** 64**

N=30 N=28 N=27 N=26

53**

N=27

55**

N=27

63**

N=27

$2**

N=26

66** 67** 65**

_

58**

N=27 N=27 N=27 N=26

55**

N=25

54**

N45

53**

N45

52**

N=25-

Ten year olds

, 35

11.30

29

N=29

30

N=28

31

N=27

46* 45* 39* 39*

N=29 N=29 N=28 N=27

36 37 36 42*

N=27 P.:27 N=27 N=26

25 2 20 09

N=26 N=26 N=26 N=26

Twelveyear olds

01

N=30

,
ob

N=30

10

N=29

.13

N=23

01

N=30

15

N=30

16

N=29

19

N=23

.21

N=26

-14

N=26 N=26
N=21

27

N-20

22

N=20

40

N=20

47*
N=2

Eight. year olds.

1

46**

N=30

41'

N=30

27

N=26

64**

N=22

47* 39* 41* 64**

N=28 N=28 N=26 N=22

,

40 32. 24 '34

N=24 N=24 N=24 N=22

49* 44* 37 36

-11=-21'N=2t N=21 N=21

4

Eleven year olds

........______.
56**

N=30

59**

N=30

55**

N=29

55**

N=29

,.

36. 43*. )4: 40*

N=30 N=30 N=29 N=29

30 28 30 31

1426 N=26 IP26 N=26

p_

20 26 28 20

N=20 N=20 N=20 N=20

1 41



1

2

y".;;A.c olus

ISC
/ 2 3

79**

N=3o

76**

P28
77**

117.2 7

78*

N=2

70 ** 77** 76** 77**
N=2 8 N=2 8 N=2 7 N=25

57** 67** 70** 74*

N=2 7 N=2 7 N=2 7 N=2 "

2 9 524* 54** 71"
N=2 5 N45 N=25 N=24

Nine year olds

61**

N=30

55**

N=2E

64**

N=27

59*0

N=2

46* 67**, h** 63**

N=26 N=26 N=26 N=25

46* 56** 64**

N=25 N=25 "N=25 N=24

504 61.** 61** 68**

N=24 N=24 N=24 N=24

Table 32

Variables: FM Nq correlated

with ESC VQ

1

2

3

Seven year olds

1 2 3

76** 76** 86** 79**

N=30 N=28 , N=27 N=26

82** 82** 88** 80**

N=27 N=27 N=27 N=26

68** 77**

,

86** 77*i

N=27 N=27 N=27 N=26

79** 81*0 88** 88**

N=25 N=2! N=25 N=25

Ten year olds

72** 67** 76** 76**

N=30 N=29 N=28 N=27

74** 71** 72** 72**

N=29 N=29 N=28 N=27

75** ,g** 694* 75**

N=27 N=27 Y47 N=26

56** 62** I3** 56**

N=27 N=27 N=27 N=27

Twelve year olds

52**

N=30

40*

N=30

52*1

N=29

26

N=23

42* 40* 50*1 61**

N=30 N=30 N=29 N=23

34 39* 44.* 17 ,

N28 N=28 Nr.28 N=22

57** 56** 68** 56**

N=23 N=23 N=23 h23

Eight year olds:
.

1 2 _

'75** 84** 80** 77**

N=30 N=30 N=26 N=22

........_,

76** 77** 78** 81**

N=28 N=28

,.._

N=26 N=22

63** 71** 76**

.

68**

N=24 N=24 N=24 1=22

58** 67** 68** 71**

N=21 N=21 N=21 N=21

Eleven year olda

73**

N=3o

74**

N=3o

73**

N=29

77**

1=29

63*** 72** 67** 68**
mo N.,30 N=29 P29

6o** 55** 54** 58**
N=2 8 N=2 8 N=2 8 N=2 8

-46* 56#* 60**

N=2 9 N=2.9

.46*

,11=2 9 N=29



Six year olds

WISC VQ
1 2 3

Year

c?

3

2

53**

N=3o

57**

N=28

56**

N=27

65**

N=25

24 42* 40* 59**

N=28 N=28 N=27 N=25

47* 51** 59** 59**

N=27 N=27 N=27 N=25

18 38 46* 57**

N=25 N=25 N=25 N=24

1

Nine.year olds

42*

N=30

51**

N=28

50**

N=27

49*

p=25

19 29 ,. 24 27

N=26 N=26 N=26 N=25

45* 17 53** 45*

N=25 N=25 N=25 N=24.

45* 50* 56** 53**

11=24 N=24 N=24 N=24

Table 33 ,

Variables: PMA SQ correlated

with 111-3C

141

1

3

4

1 2 3

70**

N=30

70**

N=28

74**

N=217

grf---Tor

N=27

70**

N=26

N=26

79**

N=27

5**7

N=27

78**

N=27

LEW
N=27 N=27 N=26

".1/61Pr. 72** 81** 754

N=25 K5 N=25 V25

Ten year olds

30

N=30

29

N=29

35

N=28

39*

1027

46* 43*

N=29 N=29 N=28 N=27

37

N=27

47*

N=27

40*

N=27

45*

N=26

37 33 31 34

P27 N7.27 P27 N=27

...... ..

Twelve year olds

15 16 ii ii

N=30 *30 N=29 N=23

14 18 17 16

N=30 N=30 N=29 N=23

-10 -10 .47 .21

N=28 1,28 N=28 N=22

15 17 24 18

N=23 N=23 N=23 N=23

,

Eight year olds

73**

N=22

59**

N=30

53**

N=30

45*

N=26

45* 46* 43* 60**

N=28 N=28 N=26 N=22

68 lit 63 " 54** 64 °II

N=24 N=24 N=24 N=22

74** 61** 59** 62**

N=21 N=21 N=21 N=21

...... ,

Eleven year olds

39**

N=30

40*
M=30

39*.

N=29

35

N=29

44* 46* 46* 42*

N=30 N=30 N=29 N=29

551ft 62** 590 54%

1=28 1028 N=28 N=28

..

42* 45* 490 46*

N=29 N=29 N=29 N=29

k0

145



L;:ix year olds,

1 viis,P VQ
Year

1. 0 0 0

N=0 PO M=0

2 0 0 0

al
N=0 N=0

0 0

rpo Nr.0 PO_

0 0 0

P0 P0 N=0

Nine year olds

3

4

0.

PO

PO

Ably

.0

1=0

0

11=0

0

N=0

0

WO
0

N=0

0 °

PO

0

PO'

0

N=0

0 0 0 0

N=1 N=1 M=1 N=1

37 22 46 05

N=4 N=4 N=4 *4

lable 34 ,,,,,,

Variables:. PMA RQ correlated

with 1IISC VQ

1 46

,

Seven year olds

1

2

1 2 3

0

N=0.

0

N=0

0

N=0

0

N=0

0 0 0 0

N=0 N=0 PO N=0

0 0 0 0

PO , N=0 PO WO

0 0 0 0

PO N=0 N=0 N=0

Ten year olds

0

PO
0

*0
0

PO
0

N=0

48' -05 51 63

N=6 N=6 N=6 N=6

63 28 75 64

N=5 N=5 P5 N=5

38

1=8

59

N=8

73*

P8
69

N=8

Twelve year olds

29

-13

.16
P15

P15

bo

P9

13

N=18

10

N=15

.09

N=15

64

07

447

11.

N=15

=.41....1.0

07

P15

.62

11=7

09

h613

.16

N=13

-15
P15

Eight year olds.

1 2

0

N=0

0

N=0

0

PO
0

PO

0 0 0 0

N=0 N=0 N=0 PO

100** 100** 99 100

P3 N=3 N=3 N=2

0 0 0 0

N=1 N=1 1=1 N=1

Eleven year olds

67

1=6

75

N=6

54

N=6

68

N-6

-03 19 16

N=12 N=12 N=1

51*

111111111N=1

13 35 34 36

N=15 N=15 N=15 N=15
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Year

1

2

4

1

2

3

six yQ:ar acts

WIN Pc
1 2 3 4

57**

N=30

51**

N=28

6o**

N=27

56**

N=25

70** 62** 72** 63**

N=28 N=28 N=27 N=2!

50** 47*' 52** 47*

N=27 N=27 N=27 N=25

28 30 30

_

15,

N=25 N=25 N=25

Nine year olds

24

N=30

27

N=28

30

N=27

38

N=25

22 34 23 24

N=26 N=26 N=26 N=25

28 33 32 44*

N=25 N=25 N=25 N=23

27 37 40 51*

N=24 N=2/, N=24 N=24

Table 35
....

Variables;
PRA VQ correlated

with 1113C PQ

148

1

2

3

4

Seven year olds

1 2 3

66**

N=30

64**

N=28

___
56**

N=27

59**

N=26

80** 76** 64** 65**

N=27 N=27 N=27 N=26

_........

74** 67#* 60** 6o**

N=27 N=27 N=27 N=26

54** 47* 35 39

N=25 N=25 N=25 N=25

Ten year olds

44*

N=30

.

49**

N=29

56**

N=28

5o**

N=27

31 37* 53** 44*

N=29 N=29 N=28 N=27

42* 49*f 50** 48*

N=27 N=27 N=27 N=26

. ..,

41* 47* 47* 45*

N=27 N=27 N=27 N=27

Twelve year olds

14

N=30

. o9

N=30

.03

N=29

,

01

N=23

.32 .22 -32 -38

N=30 N=30 N=29 N=23

15 18 09 . 05

N=28 11,28 N=28 N=22

15 25 20 20

N=23 N=23 N=23 N=23

.,

Eight year olds.

1 2

43*

N=5O

71**

N=3o_

-

42*

N=26

.

31

N=22

$1** 52** '59** 64**.

N=28 N=28 N=26 N=22

35 47* 32 31

N=24 N=24 N=24 N=22

28 38 41 24

N=21 N=21 N=21 N=21

Eieven year olds

48**

N=30

48**

N=30

46*

N=29

42*

N=29

_....

45* 34 43 41*

N=30 N=30 N=29 N=29

32 34 39* 34

N=28 N=28 N=28 N=28

52** 4o* 46*

..,

49*4

N=29 N=29 N=29 N=29
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2

g

1

Six year Olds

1

WISC
2

FQ

-----,------...

66**

N=30

54**

N=28

69**

N=27

57**

N=25

64** 53** 60** 54**

N=28 N=28 N=27 N=25

57** 47* 65** 64**

1@27 N=27 N=27 N=25

35 51** 48*

N=25 N=25 N=25 N=24

Nine year olds

52**

N=30

56**

N=28

67**

N=27

57**

N=25

23 32 28 26

N=26 N=26 N=26 N=25

39 36 32 33

N=25 N=25 N=25 N=24

54** 41* 50* 34

N=24 N=24 N=24 N-24

_

Table) 36

variables: PMA PQ correlated

with WISC PQ
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Seven year olds

1 2 3

85**

N=30

79**

N=28

79**

N=27

81**,

N=26

66** .77** .76** 74**

N=27 lo27 N=27 N=26

80** 75** 73**

_
75**

N=27 N=27 N=27 N=26

69** 68** A67** 72**

N=25 N=25 N=25 N=25

Ten year olds

71**

N=30

68**

N=29

66**

N=28,

72**

N=27

44* 49*If 49** 56**

N=29 N=29 N=28 N=27

66** 65** 59** 67**

N=27 N=27 N=27 N=26

53** 56** 44* 52**

N=26 N=26 N=26 N=26

L .

. Twelve year olds

1

2

4

56**

N=30

49**

N=30

39*''

N=29

65**

N=23

35

N=30

'49**

.N=30

35

N=29

52*

N=23

21 21 -04 11

N=26 N=26 N=26 N.721

19 --iiir 18 25

N=20 NP20 N=20 N=20

Eight year olds,

74**

N=30

74**

N=30

71**

N=26

.

79**

N=22

65** 71** 56** 62**

N=28 N=28 N=26 N=22

73** 80** 74** 76**

N=24 N=24 N=24 N=22

69** 73** '61**

N=21 N=21 N=21 N=21

,Elevenjear olds,

75**

N=30

73**

N=30

80**

N=29

81**

N=29

61** 63** 58** 60**

N=30 N=30 N=29 N=29

56** 65** 59** 59**

N=26 N=26 N=26 N=26

59** 55* 59tt 55*

N=20 N=20 N=20 N=20
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Year

1

3

2

3

Six yuar 01(16WW-
1 2 3 4

74**

N=30

_
66**

N=28

68**

N=27

67**

N=25

63** 57** 65** 58**

N=28 N=28 N=27 N=25

65** 48* 66** 52**

N=27 N=27 N=27 N=25

59** 53** 59** 53**

N=25 N=25 N=25 N=24

Nine year olds

-7.5**

N=30

68**

N=28

69**

N=27

48*

NP25

73** 79H! 77** 69**

N=26 N=26 N=26 N=25

74** 70** 65** 49*'

N=25 N=25 N=25 N=24

64** 74** 76** 74**

N=24 N=24 N=24 N=24

Table 37.

Variables: PMA NQ oorrelated

with WISC PQ
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1

2

3

4

Seven year olds

1 2 4

81**

NP30

81**

N=28

79**

N=27

82**

N=26

81** 82** 78** 77**

N=27 P27 N=27 N=26

71** 80** 79** 78**

N=27 N=27 N=27 N=26

73** 76** 76*1' 78**

N=25 N=25 Na25 Ng25

Ten year olds

61** 57** 66** 68**

1=30 N=29 N=28 Ng$27

64** 63** 59** 65**

N=29 N=29 N=28 1027

60** 62** .55** 65**

N=27 N=27 N=27. N=26
J

741* 71** 69** 75**

N027 N=27 N=27 1147

Twelve year olds

47**

Nn30

42*

N=30

30

N=29

36

N=23

29 40 31 44*

N=30 N=30 N=29 N=23

34 32 19 23

N=28 N=28 N=28 N=22

47* 49* 42* 46*

N=23 N=23 N=23 N=23

pight year olds

1 2

73**

N=30

,-------

67**

N=30

63**

N=26

64**

N=22

75** 68** 63** 69**

N=28 N=28 N=26 N=22

72** 75** 65** 65**

N=24 N=24 N=24 N=22

69** 62** 58** 57**

N=21 N=21 N=21 N=21

Eleven year olds

78**

N=30

84**

N=30

83**

N=29

82**

N=29

70** 71** 72** 75**

N=30 N=30 N=29 N=29

64** 71**

_
71** 71**

N=28 N=28 N=28 N=28

68** 63** 57** 66**

N=29 N=29 NP29 1029
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Year

1

1

2

Six yudr olds

1
WISC

2

RI

3 4
.

66**

N=30

_

_

58**

N=28

71**

N227

65**

N225

70** 68** 76** 84**

II228 N=28 N=27 N225

69** 41* 63** 46*

N=27 N=27 N=27 N=25

,

53** 42*. 54** 52**

N=25 N=25 N225 N224

Nine year olds

651*

N=30

711*

N=28

77**

N=27

69**

N225

511* 67**- 721*

_

59**

N=26 N=26 N=26 N=25

62** 71** 75** 70**

N=25 N=25 N=25 N224

66** 78** 82** 63**

.N=24 N=24 N=24 N=24

Table 38 .....

Variables: jIMLI4L1lavaded

with 11TRC Pg
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1

2

4

Seven year olds

1 2

89**

N=30

87**

N=28

84**

N=27

91**

N=26.

85** 85** 80** 85**

N227 N227 N227 N=126

r,...--..."..4---.....,-...--.....-r.-1-.---.

81** 82** 79** 85**

N=27 N=27 N=i7 N=26

82** 80**
r

N225 N225 N225 N=25

Ten year olds

75*1

N=30

..------...............6.__

73**

_

74**

N=29

7o**

71**

448

73**

11=27

78**66**

10129 N=29 NE28 Mw27

8o** 74** 64** 76**

N=27 N=27 N=27 N=26

78** 73** 66** 82**

N=27 N=27 N227 N=27

Twelveyear olds

47**

N=30

55**

Nx30

60**

N=29

74**

N=23

64** 62** '67** 87**

10:30 N=30 NE29 1023

44* 46* 49** 57**

N=28 N228 11228 N222

69** 67** 68** 78**

N=23 Nx23 N=23 Nx23

pight year olds .

1
.., n

84** 82** 84** 86**

N=30 N=30 N=26 N=22

80** 79** 76** 81**

N226 N228 N226 N222

87** 84** 79t* 85**

N224. N224 N=24 N=22

.... _.

83** 83** 84** 84**

N221 N221 N221 N221

;

Eleven year olds

77**

N=30

81**

N=30

79**

N=29

81**

N=29

77** 77** 79** 78**

N=30 N=30 N=29 N=29

76** 79** 84**. 85**

N=28 N=28 N228 N228

61** 76** 81** 81**

N=29 N229 N=29 N=29

0
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Year

1

1

3

4

Six ear olds

21

0

N=0

0

N=0

0

N=0

0

N=0
.

0 0 0 0

N=0 N=0 N=0 N=0

0 0 0 0

N=0 N=0 N=0 N=0

'0 0 0

N=0 N=0 NNO N=0'

Nine year olds

0

N=0

0

N=0

0

N=0

0

Na0.

0 0 0 0

N=0 N=0 N=0 N=0

0 0 0 0

N=1 N=1 N=0 N=1

63 51 73 78

N=4 N=4 N=4 4

1

2

Tale 39 .....
3

Variables: HA RQ =data

4

156

Seven year olds

1 2 3 4

0

Na0

0

N=0

0

NIKO

0

N=0

0 O. 0 0

N=0 N=0 N=0 N=0

0 0 0 0

N=0 N=0 N=0 N=0

4..0...0 ........ ......o........ I.0000
N=0 N=0 N=0 .N=0

Ten year olds

0

N=0

0

N=0

0

N=0

0

N=0

48 27 49 23

N=6 N=6 $06 N=6

24 36 08 .08

N=5 N=5 N=5 N=5

63 45 33 43

N=8 N=8 N=8 N=8

Twelve year olds

.

81**

N=9

.75*

N=9

r.

65

N=8

40

N=7

53* 68** 57*. 60*

N=18 N=18 N=17 N=13

62* 55* 46 51

N=15 N=15 N=15 N=13

54* 46

N=15 N=15 N=15 N=15

Eight year olds.

1 2

0

N=0

.0

N=0

0

N=0

0

N=0

0. 0 0 0

N=0 N=0 N=0 N=0

99 98 97 go
N=3 N=3 N=3 N=2

0 0 0 0'

N=1 N=1 N=1 *1

..
Eleven year olds

56

N=6

61

N=6

73

N=6

26

N=6

79** 81** 80** 79**

N=12 N=12 N=12 N=12'

57* 57* 60* 53*

N=17 N=17 N=17 N=17

42 25 29 36

N=15 N=15 N=15 N=15
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Year

g 3

4

yo.a.

1
ESC

2
HQ

73**

N=30

73**

N=2 8

76**

N=2 7

73**

N22 5

72 ** 75** 75** 70**

Nr--2 8 N=2 8 N=2 7 N=2 5

67** 71** 67** 64**
N=2 7 N=2 7 N=2 7 N025

43* 49* 42* 34
N=25 N=25 N=2 5 N=2 4

Nine year olds

50**

N=3 0

42*

N=2 8

45*
N=27

43*
to25

22 27 - 16 14
N=2 6 N.742 6 N=26 N=25

44* 39 37 44*
N=25 N=25 Nr.:25 Nw2 4

45* 42* 40 49*
N=2 4 N=2 4 N=2 4 N=24

2

Table 40 . 3

Variables: liAlkagi juire t d

4

wi th WISC FSQ

158

Seven year olds

1 2 3

77**

}pap

70**

No28

70**
Nu27

71**
N=26

88** 82** 78** 77**

p27 P27 to27 Nr.26

81** 74** 71** 72**

Nra27 N=27 N=27 N=26

6$** 6o** 49* 55**
N45 N;125 N=25 N=2 5

Ten year olds,

47**
toz30

. 55**

N=29

63**

111;128

57**

N;327
,

44* 45* 59** 50**
rp29 Nrk29 N=2 8 Na27

58** 58** 57** 57**

p27 p27 g=27 N=26

53**
'N=27

57**
'Ng27

57**
1027

50"
N=27

Twelve year olds

26

N=30

15

N=3 0

.02
N=2 9

10

N=2

-18 -11 .23 -15
N=30 N=3 0 N=29 N=23

11 13 05. .01
N=2 8 N=28 N=28 N=22

26 25 28 31
1023 N=23 N=23 N=2 3

t J

Eight year olds

1 2 3

59**
111230

64**
*30

60**
N46

47*
*22

66** 66** 73** 75**
N=2 8 N=28 N=2 6 N=22

44* 52** 47** 38
$324 N=24 N=2 4 N=22

36 43 48* 33
N=121 N=21 N=21 N=2 1

Eleven year olds

55**
NE130

55**
R=30

53**
um29

53**
Nz.29

52** 43* 45* 40*
N230 Nr.30 N-A29 N=29

44* 41* 42* 41*
N=28 N=2 8 N=2 8 N=2 8

52 ** 47* 48** 9**
N=29 N49 N=29 1149
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Year

2

-Six:Year olds

WIke FSQ 3

73**

N=30

71**

N=28

78*4

N=27

73**

N=25

67** 61** 62** 55**

N=28 N=28 $47 P25

49** 49** 68** 60**

N=27 N=27 N=27 Na25

15 23 . 48* 39

N=25 N=25 N=25 Na24

Niatipjy_12121s

52**

N=30

54**

N=28

66**

N=27

59**

Na25

,

19 19 ' 23 . 20

N=26 N=26 N=26 NM2$

41* 36 38 39

N=25 N=25 N=25 N=24

44* 29 39 24

N=24 N=24 N=24 N=24

Table 41

yariables: pmA PQ norrelated

1

169

1

3

Seven year olds

2 31

79**

Na30

_

77**

Na28

79**

Na27

79**

N=26

64** 72** 76** 70**

.N=27 Na27 Na27 Na26

78** 75** 75** 73**

N027 Na27 N=27 N=26

681 67** 68** 69_**
Na25 N=25 14a25 Na25

Ten year olds

6140

N90

56**

N49

57**

N=28

60**

Na27

51** 52** 50** 54**

N=29 Na29 Na28 Na27

59**

N=27

58**

N=27

55**

N=27

62**

N=26

44* 45* 38 17

N=26 N=26 N=26 N=26

Twelve year olds',

394'.

N=30

3ir

).090

32%

tii=29

41

N=23

24

t:1=30

39*

111:130

32 '

tim29

4.8*.

N=23

04

N=26

05

N26

-07

Na26

.10

N=21

24 25 29 38

N=20 N=20 N=20 Na20

L.

Eight year olds,

1 2

67**

Na30

63**

.1030

59**

1M6

80**

N=22

62** 61** 55** 68**

N=28 N=28 N=26 N=22

--------

63**. 63** 59** 65**

N=24 N=24 N=24 N=22

64** 63** 56** 61**

N=21 N=21 N=21 N=21

Eleven year olds

7i**

11=30

,

_......
71**

N=30

74**

117.29

75**

N:29

53** 57** 51**

N=30 N=30

-52**

N=29

_55**

Na29

47* 51** 51**

N=26 N=26 N4226 N=26

43 44 50* 44

N=20 N=20 N=20 N=20

0
0
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'§ar

1

2

4

2

3

4

six_Lic ads

Fsq

1 2 3

84**

N=30

79**

N=28

79**

N=27

78**

N=25

75** 74** 76** 74**

N=28 N=28 N=27 N=25

69** 65** 74** 6**
N=27 N=27 N=27 N225

50* 60** 62** 69**

1=25 N=25 N=25 N=24

Nine yer olds

,

69** 68** 72** 57**

N=30 N=28 N=27 No25

65**
-
77**,
--
78** 71**

N=26 N=26 N=26 N=25

65** 68** 70** 61**

N=25 N=25 N225 N=24

64** 74** 75** 77**

N=24 N=24 N=24 N=24'

Table 42

Variables: PMA Nq correlated

with WM F3Q

162

peven year olds,

1 2 3

83**

4630

.._..........

83**

N=28

87**

NR27

87**

N226

86** 86** 87** 84**

N=27 N227 N=27 N2126

74** 83** 87**

N=27 P27 4=27 m226

80** 83** 88** 89**

N025

_

N=25 N=25 N=25

.4 ....

Ten year. olds,

74** 69** 79*# 78**

N=30 N=29 4228 11227

76** 75** 72** 74**

N=29 N=29 N=28 N=27

76** 75** 68** 75**

N227 N=27 N=27 N=26

74** 75** 74** 73*'

N=27 N227 N227 N227

. Twelve year olds

1

2

4

59**

N=30

48**

N230

46*

N=29

40

N=23

42*

,

47** 45* 64**

N2130 N:430 N229 N=23

41* 32 34 26

N=28 N=28 N=28 P22

61** 60*** 61** 62**

*23 N223 N223 41223

Ej..ght/Erc)L11.

1 2

80**

Na30

83**

N=30

.

80**

N=26

.

76**

N=22

82** 81** 78** 81**

N=28 N028 N=26 N=22

. ..

73**

N=24

79**

N224

78**

N=24

.

73**

N=22

_........___,

67** 68** 68** 69**

N=21 N=21 N=21 P21

Eleven year olds

......

82**

N230

86**

N230

84**

N=29

86**

N229

72** 77** 750 --.76**

N230 N230 N=29 N229

67** 68** am' -71**

N=28 N=28 N=28 N=28

62* 64** 56** 68**

N=29 N=29 N=29 N=29

F4

0
1-4



Year

1

2

3

3

4

Six Yea./.. olds

1
W SC

2
IA

3 4

64**

N=30

63**

N=28

67**

N=27

71**

Na25
,

2** 6o** 61** 76**

N=28 N=28 N=27 N=25

65** 52** 66** 57**

N=27 N=27 N=27 N=25

40* 45* 56** 59**

N=25 N=25 N=25 N=24.

Nine ye.r olds

59** 67** 69** 65**

N=30 N=28 N=27 N=25

39*

N=26

53**
N=26

51**
N=26

49*
N=25

59** 65** 69** it**

N=25 N=25 N=25

62** 71** 75** 63**

N=24 N=24 N=24 N=24

'Mae 43

Variables: NA .s4 CiOrre1a6d

with WISC FSQ

164

2

Seven year olds

'1

86** 85*i 86** 88**

N=30 N=28 N=2t/ N=26

87** 87** 88** 88**

N0127 N=2,7 N=27 N=26

84** 80** 85** 86**

N=27 N=27 N=27 N026

.,

85** 82** 84** 85**

N=25 N=25 N=25 N=25

en year olds

61** 61** 63#* 64**
N=30 N=29 N=28 N=27

67** 65** 64** 73**

N=29 Y.29 N=28 N=27

67** 70** 60** 68**

N=27 N=27 N=27 N=27

66** 61** 58** 67**

, N=27 N=27 N=27 N=27

Twelve year olds

___.____---
49**

N=30

44*

N=3P

47*,

1=29

60**

N=23

51** 50** 55** 72**

N=30 L630 N=29 N=23

25 22 30 31

N=28 N=28 N=28 N=22

55** 53* 62N*, 67**

N=23 N=23 N=23 N=23
,. i_

Bight year olds.

1 2

78**

N=30

74**

N=30

,..

76**

N=26

89**

N=22

70** 69** 69** Bo**

N=28 N=28 N=26 N=22

84** 79** 76** 84**

N=24 N=24 N=24 1=22

82** 77** 80** 83**

N=21 N=21 N=21 W=21

Eleven year olds

,

63**

N=30

67**

N=30

66**

N=29

66**

N=29

66** 68** 69** 68**

N=30 N=30 N=29 N=29

72** 77** 79** 77**

1=28 1=29 N=28 N=28

68** 67** 72** 71**

N=29 N=29 N=29 11=29

115



year

1

2

3

4

1

2

Six yctr olds

---111SC PSQ

1 2 3

0

N=0

0

N=0

0

110

0

N=0

0 0 0

N=0 N=0 1=0 N=0

0 0 0 0

N=0 N=0 N=0 N=0

0 0 0 0

N=0 N=0 N=0 N=0

Nine year olds

0

N=0

0

N=0

0

N=0

0

N=0

0 0 0 .0

N=0 N=0 N=0 N=0

0 0 0 0

N=1 N=1 N=1 N=1

57 42 66 66

N=4 N=4 N=4 N=4

Table 44

Variables: PMA RQ correlated

with WIN HQ

166

1

3

4

Seven year olds

1 2 3

0

Nza0

0

100

0

100

0 .

114

0 0. 0 0

h1=0 1$40 11=0 11=0

0 0 0 0

11.10 N=0 RIO 100

0 0 0 ) 0

114 11=0 t1:0 114

..... 1, , 1.

Ten year olds

0

N=0

.0

N=0

0

101=0

0

N=0

20 17 52 38

N=6 N=6. N=6 1=6

59 . 39 33 24

N=5 N=5 N=5 N=5

63 61 55 59

N=8 N=8 N=8 *8

Twelve year olds

86**

N=9

80*

N=9

67

N=8

17

N=7

39 59** 48 63*

N=18 N=18 N=17 N=13

35 41 38 43

N=15 N=15 N=15 N=13

38 13* 53* 36

N=15 N=15 N=15 N=15

Eight year olds.

.1 2

0

N=0

0

N=0

0

N=0

0

N=0

0 0 0 0

N=0 N=0 N=0 N=0

loo* 99 98 ioo

N=3 N=3 11=3 N=2

0 0 0

,

0

N=1 N=1 N=1 N=1

Eleven year olds

92**

146
._

78

N=6

83*

146

62

N=6

46 64* 66* 68*

N=12 N=12 442 N=12

60* 52* 63** 67**

N=17 N=17 N=17 N=17

35 36 38 45

N=15 N=15 N=15 N=1,5
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Year

1

4

1

2

3

4

six year olds

1

MAT2R ea d ins

62

N=9

51

N=6

27

N=19

26

N=18

16 72 54* 49*

N=8 N=6 N=19 N=18

N1=18 N-5= N *4119 g:8

58 94* 58* 56*

N=6 N=5 N=17 N=17

Nine year olds

18

N=28

44*

N=24

61**

N=26

44*

N=23

37 62** 64** 6t**

N=26 N=24 N=26 N=23

38 59** 67** 63**

r=25 N=24 N=26, N=23

48* 56** 68** 67**.

N=23 N=23 N=25 N43

Table 45

Variables: WIFIC 1/4 urrtUted

with MAT Reading

168

Seven year olds

1 2

19

x=13

49

N=8

67**

1141

61**

N=20

04 40 . 61** 54*
N=12 N=8 N=21 N=2o

19 23 61** 54*

N=11 N=8 A=21 N=20

18 49 70*1 66**

N=11 N=8 N=21 N=20

Ten year-olds

39*

1F29

67**

N=29
+row....

70**

N=26

76**

N=26
..............

37. 69** 75**

................0

77**
N=28 N=29 N=26 N=26

39* 67** 72** 71**

N=2? N=28 N=26 N=26

36 67** 72** 76**

N=26 N=27 1N=25 N=26

Twelve year olds

1

2

3

4

57**

N=30

.53**

N=30

53**

N=29

60**

N=23

54** 57** 62** 50*

N=30 N=,0 N=29 N=23

57** 61** 64** 57**

N=29 N=29 x=29 N=23

67** 63** 68** 70**

N=23 N=23 N=23 N=23

Eight year olds

55**

N=25

58**

N=23

..._....

57**

N=24

87**

N=20

'61** 61** 54** 86**

N=25 N=23 N=24 1=20

64** 73** 62** 91**

N=22 N=21 N=24 N=20

58 * 61** 59** 85**

1M8 N181 N=21 N=20

Eleven year olds

65**

N=29

55**

N=29

56**

N=29

56**

N=28

72** 6o** 59** 64**
x=29 x=29 N=29 N=28

72** 59** 64** 65**

N=28 N=28 N=29 N=28

74** 61** 67** 68**
N=28 N=28 N=29 N=28

1-
0
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Year

1

cd
2

in 3

4

1

2

3

:.;JX yuor, LAW.;

1 MAT 2 Arith,3 Complation

0

N=0

0

N=0

-100

N=2

-28

N=5

0 0 -100 17

N=0 N=0 N=2 N=5.

0. 0 -100 -15

N=0 N=0 N=2 N=5

o 0 0 39

N=0 N=0 N=1 N=5

Nine year olds

o

N=1

06

N=10

-02

N=14

-14

N=14

0 34 38 38

N=1 N=1( N=14 N=14

0 48 45 42

N=1. N=10 N=14 N=14

0 44 32 31

N=1 N=10 N=13 N=14

2

Table 46 "" 3

Variables.: CSC VQ oorrelated

4

with MAT Arith, Computation

170

Seven year olds.

1 2
,

0

N=0

0

N=0

0

1=1

25

N=5

0 0 0 71

N=0 N=0 N=1 N=5

0 0 0 96**

N=0 N=0 N=1 N=5

0 0 0 47

N=0 N=0 N=1 N=5

Ten year olds

64

N=6

89**

N=10

_
71**

x=13

45

N=18

31 81* 78** 35

N=6 N=10 Nm13 N=18

76 92** 67* 38

N=6 N=lo N=13 N=18

82 95** 69** 56*

N=6 N=10 N=13 N=18

Twelve year 'olds

40

N=19

35

N=23

44*

N=27

41

N=21

29 32 48* 44*

N=19 N=23 N=27 N=21

38 44* 57** 49*

x=18 N=22 N=27 N=21

14 29, 37 29.

N=15 N=47 N=21 N=2 1

Eight year olds,

1 A

o

.

N=0

o

N=0

....

78*

N=7

,

64

N=8

.

o o 65 69

N=0
,

N=0 N=7 N=8

0 0 46 57

N=0 N=0 N=7 'N=8

0 0 47 62

N=0 N740 N=5 11.7.8

Eleven year olds.

53 45 65** 56*4

N=14 N=17 N=23 N=24

50 59* 66** 53**

N=14 x=17 N=23 N=24

54* 61** 69**

N=14 N=17 N=23

.6**

N=24

48 54* 5** 62**

r,14 N=17 N=23 N=24
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2

0 3

4

1

3

4

iii yu4r ORIS

IMAT Arrth,lroblem Solving
2 3 4

0

N=0

0

N=0

0

N=1

-18

N=5

0 0 0 -07

14 N=0 N=1 N=5

0 0 0 17

N=0 N=0 N=1 N=5

0 0 0 41

N=0 N=0 N=0 N=5

ine ye r olds

0

N=1

21

N=10

19

N=14

-13

N=14

0 43 46* 21

N=1 N=10 N=14 N=14

o ip 45. 38

N=1 N=10 N=14 N=14

0 53 35 23

N=1 N=10 N=13 N=14

Table 47

Variables:
WiSC VQ correiiiid

with MAT Ar.th, Problem Solving

7 2

1

2

3

4

Seven year olds

'31 2

0

N=0

0

N=0

0

N=1

81

N=5

0 0 0 91*

N=0 N=0 N=1 N=5

0 0 0 72

N=0 N=0 N=1 N=5

0 0 0 88*

N=0 N=0 N=1 N=5

Ten year olds

63

N=6

82**

N=10

77**

N=13

59**

Na18

56 67* 76** 54*

Nm6 N=10 1M3 N=18

75 73* 70** 55*.

N=6 N=410 N=i3 N=18

81 84** 78** 73**

N=6 N=10 N=13 N=18

Twelve year olds

50*

1W9
51*

N=23

57**

N=26

59**

N=21

49* 59** 6o** 55**

N=19 N=23 N=26 N=21

49* 62** 60** 64**

N=18 N=22 N=26 N=21_ . --...
20 25 43 43

N=15. N=17 N=20 N=21

_

Eight year olds.

1 2

o

N=o

o

N=0

76*

N=7

66

N=8

o 0 . 65 71*
,N=0 N=0 N=7 N=8

0 0 52 76*

N=0 N=0 N=7 N=8

0 0 34 69

N=0
._

N=0 N=5 N=8

Eleven year olds

47

N=14

60*

N=17

52*

N=23

57**

N=24

60* 79** 60** 63**

N=14 N=17 N=23 N=24

'66* 70** 66** 65**

N=14
(

N=17 N=23 N=24

60* 67** 69** 71**

N=14 N=17 N=23 N=24



Year

1

2

3

4

1

2

3

six year olds

MAT Arlth, Total
1 2 3 4

0

N=0

no
N=2

-21

N=5

-46

N=6

0 100 31 -35

N=0 N=2 N=5 N=6

0 100 04 14

N=0 N=2 N=5 N=6

0 100 53 70

N=0 N=2 N=5 N=5

Nine year olds

43

M=16

52

N.6

94**

N26

65

N28

63* 58" 76, 78*

N=14 N=6 1 N=8

81** 81 92** 82te

N=14 N=6 N=6 N=8

72** 63 80 87**,

N=12 N=5 N=6 N=8

Table 48

wIso' bOrrelited
Variables :

with MAT Arith,' Total',

171

1

2

3

4

Seven year olds

2' 31

0

N=1

0

P2
17

N28

83

N24

0 46 77

Y20 Nm8 Nm4

0 0 55 79

N=0 N=2 N28 N24

0 0 39 71

N=0 N22 N28 N24

Ten year olds

81*

1.f.8

63

N=7

77*

N=9

92

N=4

67 88** 81** 93

N=7 N=7 N=9 1=4

81* 63 68* 81

N=7 N=6 N=9 N=4

es* 52 84'** 94

N=7 N=5 N=8 N=4

Twelve year olds

91**

N=10

.96**

N26

0

N20

10o

N22

76* 85* 0 . 109

N=10 N=6 1420 102

81** 93** '0 0

N210 N26 N20 N22

80* 96* 0 100

N27 N=5 N20 p

Eight year olds

1 2

65

N=4

,66

N=7

_

-79

N=5

.

50

N=8

69

N=4

75

Nm7

33

N=5

75*

N=8

39

Nm4

61

N=7

31

N=5

57

N=8

50

N=4

81

N=6

-14

N=5

,

72*

N=8

.....

Eleven year olds

87**

N=9

91*

M=6

88

N=3

50

N=3

74* 74 99 87

N=9 N=6 N=3 N=3

81* 78 95 94

N=8 N=5 N=3 N=3

65 75 97 99

N=8 N=5 N=3 N=3 ]
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six yuor ()la

1 1

AT iOading
3

Year

1

4

1

2

70* 38 50* 26

N=9 N=6 N=19 N=18

75* 60 15 31

N=8 N=6 N=19 N=18

72* 73 37 35

N=8 N=6 N=19 N=18

77 75 26 35

N=6 N=5 N=17 N=17

Nine year olds

33.

N=28

48*

N=24

50**

N=26

22

N=23

41* 51* 57** 35

N=26 N=24 N=26 N=23

32 42* 46* 23

N=25 N=24 N=26 N=23

30 34 4o* 38

N=23 N=23 N=25 N=23

1

2

Table 49

Variables: ESC PQ correiatad

4

with MAT Reading

176

Seven year olds

1 2 3

26

N43

48

N=8

71**

N=21

68**

N=20

11 48 62** 66**

N=12 N=8 N=21 N=20

12 48 60** 69**

N=11 N=8 N=21 N=20

13 44 62**

,

66**

N=11 N=8 N=21 N=20

Ten year olds

15

N=29

39*

N=29

32

N=26,

39*

N=26

13 38* 25 31

N=28 N=29 N=26 N=2

.01 29 24 31

N=27 N=28 N=26 N=26

15 38 29 33

N=26 N=27 N=25 N=26

Twelve year olds.

15

N=30

11

N=30

17

N=29

09

N=23

16 19 22 10

N=30 N=30 N=29 N=23

14 19 26 -01

N=29 N=29 N=29 N=23

05 04 15 -02

N=23 N=23 N=23 N=23

Eight year olds.

1 2

54**

x=25

55**

N=23

53**

N=24

69**

N=20

53** 50* 40 65**

N=25_ N=23 N=24 N=20,

47* 47* 40 62**

N=22 N=21 N=24 N=20
1

38 44 4* 55*

N=18 N=18 N=21 N=20

Eleven year olds

57**

N=29

55**

N=29

6o**

N=29

54**

N=28

49** 46* 49** 42*

N=29 N=29 N=29 N=29

50** 50** 54** 50*

N=28 N=28 N=29 N=23

47* 47* 52** 48**

N=28 N=28 N=29 N=28



.
year olds

KAT pith. Somputatlon
4

N=0
-100
N=2

83
N=5

14=0

100
N=2

46

N=5

0

N=0

-100
N=2

so
N=5

0
N=0 N=1

73
14=5

year olds

57
N=10

66*

N=14
46

N=14

59
N=10

70**
N=14

65*
N=14

75*
N=10

75**
N=14

62*

N=14

.51 35 50 .

N=10 N=13 N=14

WISC PQ oorrOlated

Arith. Computation

1

2

3

Seven year oids

1 2 3

o

11=0

o

14=0

o

11=1

59
11=5

o 0 o 87
14=0 11=0 14=1 14=5

0 0 o 88*

11=0 N=0 N=I 11=5

o o o 82

14=0 14=0 11=1 N=5

Ten year olds

37

N=6

62

N=10

11

N=13

-1

14
N=18

58. 60 -01. 23

N=6 N=14) N=13 N=18

76 72* .03 13

N=6 N=10 N=13 N=18

55 65 13- 14

N=6 N=10 N=13 N=18

Twelve year olds

02

N=19

09

N=23

22

N=27

33

N=21

-05 07 21 30

N=19 N=23 N=27 N=21

-07 03 14 25

N=18 N=22 N=27 N=21

-lo 12 10 2

N=15 N=17 N=21 N=22
A

Eight year olds.

1 2

77*
N=7

76*
N=8

0 o 84* 71*
N=0 14=0 14=7 11=8

o 0 67 60
11=0 N=0 14=7 14=8

o o 46 65
N=0 11=0 N=5 14=8

Eleven year olds

-03
N=14

51*
N=17

58**
N=23

41*

N=24

18 47 66** 47*
N=14 1=17 N=23 N=24

27 61** 64** 49*
N=14 N=27 N=23 N=24

24 60* 66** 44*
N=14 N=17 N=23 1J=24
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Six ycor olds
Seven year olds

MAT Arith, Problem Solving,
2

Year
1

3 4 1 2

1

0 3

4

3

0

N=0

0

N=0

0

N=1

99**

N=5

0 0 0 75

N=0 N=0 N=1 Na5

0 0 0 87

N=0 N=0 N=1 N=5

0 0 0 60

x=0 N=0 N=0 N=5'

..

line year olds

0

N=1

53

N=10

69** 58*

N=14 N: 14

0 56 79** 79**

N=1 N=10 N=14 IN=14

0 74* 76** 87**

N=1 N=10 N=14 N=14

0 58 38 47

N=1 N=10 N=13 N=14

Table 51

Variables; W1SC P9 correlftod

with MAT ArithijnItilkinE_

180

4

0

N=0

0

N=0

0

Nm1

9511

tim5

0 0 0 95*

N=0 N=0 N=1 N=5

0 0 0 92*

N=0 N=0 N=1 N=5

4.

0 0 0 93*

N=0 N=0 Ng1 N=5

Ten year olds

48 .50 14 43

N=6 N=10 N=13 N=18

64 50 06 49*

N=6 N=10 N=13 N=18

83* 72* 11 45

N=6 N=10 N=13 N=18

73 64* 15 46

N=6 N=10 N=13 N=18

.... .1, .. .

Twelve year olds

1

2

3

20

'N=19

23

N=23

25

N46
31

N=21

14 23 27 26

N=19 X=23 N=.26 N=21

07 23 22 15

N=18 N=22 1426 N=21

-03 21 1t; 15

N=15 N=17. N=20 N=21

Eightlta_E_21L

---1r--

0

N=0

0

N=0

4

88**

N=7

78*

N=8

0 0 87* 76*

N=0 N=0 N=7 N=8

0 0 73 68

N=0 N=0 N=7 N=8

0 0 64 69

N=0 N=0 N=5 N=8

Eleven year olds_

18

X=14

47

N=17

54**

N=23

55**

N=24

23 43 54** 51*

N=i4 N=17 N=23 N=24

40 57* 58** 54**

N=14 N=17 N=23 N=24

30 46 59** 56**

N=14 N=17 N=23 N=24

0

181



Year

1.

?.

o 3
tf

4

3

4

SiLLLq. oLos

KAT Ar1th, Total
1 2

3 4

0

N=0

100

N=2

82

N=5

-61

N=6

0 too 59 64

NA g 11=5 11=6

0 loo 89* 40

N=0 N=2 N=5 N=6

o -100 86 48

N=0 N=2 N=5 .N=5

Nine year olds

68**

N=.16_
71**

4=14

Bo

N=6

.._
90f
N=6

90*

N=6

64

N=8'

99**

N=6

91**

N=8

83** 90* 99** 88**

N=14 N=6 N=6 N=8

72** 84 90* 95**

N=12 N=5 N=6 N=8

Table 52

Variables: l4ISC_ç norrelated

Cota

182

Seven year olds

1 2 3

0 0

N.2

26

Ns:8

69

N=4

0 0 . 61 68

po N=2 N=8 N=4

0 0 67 29

Nr.0 N=2 N=8 N=4

0 0 70 45

N=0 N=2 N=8 N=4

1

2

3

4

Ten year olds

66

N=8

47
N07

93

N=9

84

N=4

75 20 90f* 91

N=7 N=7 N=9 N=4

68 10 85** 93

N=7 N=6 N=9 N=4

71 -41 92** 97**

N=7 N=5 N=8 N=4

Twelve year olds

80**

N=IP

N=10

68*

N=10

76*

N=7
r.wwwww.,

67

N=6 N=0

0

N=0

N=0

N=0

402

N=2

400
Y=2

400
N=2

-100
N=2

Eight year olds ,

1 2 3_ 4

19 49, 10 54

N=4 ,, '' 11=5 N=8

-,--

46 5t, -to 38

N=4 1 N=5 N=8

44 -50 45

N=4 A=7 N= N=8

-08 01 -47 48

N=4 N=6 N=5 N=81,
Eleven year olds

83**

N=9

86v

N=6

08

N=3

57

1=3

Bo** 79 -46 50

N.9 N=6 N=3 N=.3

74* 70 03 83

N=8 105 N=3 N=3

85** 75 32 64

N=8 N=5 N=3 N=3
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Year

1

2

ce

3

0

2

3

4

VWC OidS

1 MAT lylading
4

73*

N=9

62

N=6

44

N=19

32

N=18

61 84* 43 48
N.8 N=6 N=19 N.18

65 71 57* 52*

N=8 N=6 N=19 N=18

81 95* 49* 52*

N=6 N=5 N=17 N=17

ine year olds

29

N=28

50*

N=24

61**

N=26

36

N=23

44* 62**\ 65** 54**

N=26 N=24 N=26 N023

38 55** 58** 47*

N=25 N=24 N=26 N=23

40 46* 56** 55**,

N=23 N.23 N=25 N=23

1

2

Table 53

Variables: Wise FSQ correlatted 3

with MAT Readin

184

Seven year olds

1 2 3

25

N=13

50

N=8

73**

N=21

704*

N=20

08 46. 6$** 66**

N=12 N=8 N=21 N=20

16 43 65** 70**

N=11 N=8 N=21 N=20

18 47 71** 73**

N=11 N=8 N=21 N=20

Ten year olds

29

N=.29

60**

N=29

59**

N=26

64**

N=26

....... ...........

26 57** 54** 57**

N=28 N=29 N=26 N=26

.,

19 49* 49* ;53**

N=27 N=28 N=26 N=26

26 56** 53** 57**

N=26 N=27 N=25 1=26

1 ........
Twelve year olds

39* '35 39* 37

N=30 N=30 N=29 N=23

38* 42* 46* 30

N=30 N=30 N=29 N=23

36 42* 48** 25

N=29 N=29 N=29 N=23

38 35 46* 34

N=23 N=23 N=23 N=23

Eiqh year olds

1.
60**

N=25

60**

N=23

-

59**

N=24

,

80**

N=20

64** 61** 52** 78**

N=25 N=23 N=24 N=20

63** 65** 57** 81**

N=22 N=23 N=24 N=20

51* 57** 57** 74**

N=18 N=21 h=21 N=20

...
Eleven year olds

67**

N=29

61**

N=29

63**

N=29

61**

N=28

65** 57** 58** 56**

N=29 N=29 V429 N=28

64** 58** 62** 60**

N=28 N=28 N=29 N=28

63** 58** 62** 61**

N=28 N=28 N=2(,' N=28
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olu6

MAT Arith. Computation

Year
1 2 3 4

2
ce

cu

3

4

1

2

3

0

N=0

0

N=0

.100

N=2

53

N=5

0 0 -100 47

N=0 N=0 N=2 N=5

0 0 -100 49

N=0 N=0 N=2 N=5

0 0 0 61

N=0 N=0 N=1 N=5

ine year olds

0

N=1

35

N=10

32

N=14

17

N=14

0 56 63* 63*

N=1 N=10 N=14 N=14
......._____

0 70* 67** 62*

N=1 N=10 N=14 N=14
_______

0 58 38 50 .

N=1 N=10 N=13 N=14

1

2

Table 54

3

Variables: W1SC FSQ oorrelated

4
with HAT Arith. -Computation

186

Seven year olds

1 2

0

N=0

0

N=0

0

N=1

53

N=5

0 0 , 0 82

N=0 N=0 N=1 N=5

0 0 0 91*

N=0 N=0 N=1 N=5

0 0 0 74

M=0 N=0 N=1 N=5

Ten year olds

48 831,11 45 35

N=6 N=10 N=13 N=18

50 78*# 35 35

N=6 N=10 N=13 N=18

79 84** 37 29

N=6 N=10 N=13 N=18

69 8?* 41 37

N=6 N=10 N=13 N=18

Twelve year olds

24

N=19

28

N=23

39*

N=27

48*

N=21

12 24 41* 45*

N=19 N=23 N=27 N=21

11 22 38 42

N=18 N=22 N=27 N=21

-02 25 28 33

N=15 N=17 N=21 N=21

Eight year olds

1 2 3 4

0

N=0

0

N=0

83*

N=7

76*

N=8

0 0 83* 75*

N=0 N=0 N=7 N=8

0 0 65 70

N=0 N=0 N=7 N=8

0 0 56 75*

N=0 N=0 N=5 N=8

.. .

Eleven yr.,1r olds

34 62** 68** 54**

N=14 N=17 N=23 N=24

42 67** 73** 57**

N=14' N17 N=23 N=24

47 73** 73** 58**
N=14 N=17 N=23 N=24

45 74** 78**
, 59**

N=14 N=17 N=23 N=24



Year

1

4

1

2

3

;;AX,I.Ear: 01U8
Seven year olds,

1 MAT Arlth Prob,

1 2 ,3 4 1 2 3

0

N=0

0

N=0

0

N=1

74

N=5

0 0 0 56

N=0 N=0 N=1 N=5

0 0 0 71

N=0 N=0 N=1 N=5

0 0 0 57

1=0 N=0 N=0 N=5

ine year olds

0 43 46 23

N=1 N=10 N=14 N=14

0 60 73** 59*

N=1 N=10 N=14 N=14

0 71* 68** 73**

N=1 N=10 N=14 N=14

0 69' 43 45

N=1 N=10 N=13 N=14

4

0

N=0

--..-------------

0

N=0

0

N=1

95*

Na5

0 0 , 0 95*

N=0 N=0 N=1 N25

0 0 0 89*

Nm0 N=0 Nm1 N=5

0 0 0 94*

N=0 N=0 1tI=1
. N=.5

Ten year olds

55

N=6

71*

N=10

50

N=13

63**

1M8

63 64* 19 63**

N=6 N=10 N=13 N=18

84* 78** 44 62**

N=6 N=10 N=13 N=18

80 76* 47

,

67**

N=6 1=10 N=13 N=18

:\ Twelve AJar olds

1

2

Tkble 55

3

Variabies: W1SC FSQ corrojated, .

Wth ElaAr1th, Prob, SolVing

45

N=19

49*

N=03

49*

N=26

56**

N=21

35 49* 52** 47*

N=19 N=23 N=26 N=21

25 45* 45* 41

N=18 .N=22 Nm26 N=21

ig 7.3i 73-67 ,6'

N=15 .N=17 44=20 1021

Eight year olds

1 2 4

0

N=0

0

1=0

88**

N=7

78*

N=8

0 0 85* 78*

N=0 N=0 N=7 N=8

0071 77*

N=0 N=0 N=7 N=8

0 0 67 81'

N=0 N=0 N=5 N=8

Eleven year olds

45

N=14

76**

r=17

.........

63**

N=23

63**

N=24

52 74** 63** 63*4

N=14 N=17 N=23 N=21

64* 74** 68** 66**
N=14 N=17 1=23 N=24

54* 70** 71** 71**

N=14 N=17 N=23 N=24

F-

188 189



.JJX yo.,ar oiu

MAT Ailth. Total
1 2

o 100 59 -53

11=0 N=2 11=5 11=6

0 loo 65 -15

11=0 11=2 11=5 11=6

o 100 61 43

N=0 11=2 N=5 11=6

0 100 77 94*
11=0 11=2 11=5 N=5

ne year olds

63** 71 95** 70

N=16 N=6 N=6 N=8

7.5 88** 96**'-88**

N=14 N=6 N=6 N=8

89** 91* 97** 86**

N=1.4 N=6 N=6

82** 82 88* 95**
.N=12 N=5 N=6 N=8

6

. ....
es: WISC FSQ correlated'

T Arith..Total..

1

2

3

4

Seven year olds

2 3

0

11=1

0

N.2

25

N=8

85

N=4

0 0 . 57 90

11=0 11=2 11=8 11=4

0 0 67 87

N=0 11=2 11=8 N=4

0 0 66 98*

N=0 11=2 N=8 N=4

......

Ten year olds

I76*

N=8

31

N=7

90**

N=9

99**

N=4

79* 53 91**. 96*
N=7 N=7 N=9 N=4

79** 29 .83** 96*

N=7 N=6 N=9 N=4

80* -13 91** 99**
N=7 N=5 N=8 N=4

Twelve year olds

90**

N=10

83

N=6

0

N=0

0

N=2

84** 90* 6 -100

N=10 N=6 N=0 11=2

81** 80 0 -100
11=10 Nv6 N=0. N=2

..834. 81 0 ,100

.

N=7 N=5 N=0 11=2

Eight year olds

1.2
46

N=4

62

11=7

-26

11=5

53

N=8

.62

N=4
69

11=7

19

11=5

55

11=8

48 45 -57 55

N=4 N=Y N.,.'2 N=8

11 43 -74 62

N=4 11=6 11=5 N=8

Eleven year olds

88**
N=9

91*
11=6

78

11=3

76

11=3

80** 77 19 96

11=9 N=6 11=3 N=3

82* 77 ,62 91

11=8 11=5 11=3 .11=3

88* 82 69 88
11=8 11=5 11=3 11=3

Q.%

19



Yuar

1

2

3

4

1

2

3

4

JA:. aim;

MAT Reading
1 2 3

80** 62 40 32

N=9 N=6 N=19 1=18

72* 88* 54* 61**

N=8 N=6 N=19 N=18

35 84* 50* 60**

N=8 N=6 N=19 N=18

30 73 26 48*

N=7 N=5 N=18 N=18

Nine year olds

22 46* 61** 50*

N=28 N=24 N=26 N=23

-04 0'.9 16 -02.

N=24 N=24 N=26 N=23

12 16 31 43*

N=23 N=23 N=25 N=22

13 19 22 37

N7,22 N=22 N=24 N=23

2

Table 57

. ,, ..

Variables: PMA VQ correlaied

4

with MAT Reading

192

.Seven year olds

1 2 3

24

N=13

.--
31

N=EL

63**

N=21

52*

N=20

33 31. 66** 54*

N=11 N=8 N=21 N=20

57 70 68**

,

5.11,*

N=11 N=8 N=21 N=20

13 -769 44 28

N=10 N=8 N=20 N=20

em year olds

21.

N=29,

29

N=29

26

N=26

21

N=26

05 2$' 32 26

N=28 N=29 N=26 N=26

24 39 35 41*

N=27 N=27 N=25, N=26

28 33 38 16

N=26 N=27 N=25 N=26

,, ......
Twelve year olds

21

N=30

17

N=30

08

N=29

23

1=23

-14 -13 05 -13

N=30 N=30 N=29 N=23

.18 .o6 03 .22

N=28 N=2.8, N=28 N=22

-02 -02 03 02

N=23 N=23 N=23 N=23

Eight year olds

1

28

N=25

19

N=23

...

21

N=24

,

74**

N=20

18 18 39 67**

N=24 N=23 N=24 N=20

16 . 04 11 . 38

N=20 N=19 N=23 N=20

50* 60t* 38 56*

N=18 N=18 N=20 11=20

Eleven year olds

36 31 40* 23

N=29 N=29 N=29 N=28

35 31 20 27

N=29 N=29 N=29 N=28

34 38 32 50**

N=27 N=27 N=28 N=27

25 22 15 27

N=28 N=28 N=29 N=28

193



olu'

TO Beading

V. 1 2 3

rP4

<

1

3

2

3

4

49

N=9

25

N=6

'57*

N=19

29

N=18

39 37 28 ii

N:8 N=6 NP19 N48

73* 75 60** 38

N=8 Ng6 N=19 N=18

33 -44 42 10

1=7 N=5 N=18 N=18

Nine year olds

18

N=28

17

N=24

28

N=26!

g5

ii=23

-03 .:69 16 16

N=24 N=24 N=26 N=23

13 13 27 32

N=23 N=23 N:25 N=22

-12 -03 -26 ,02

.1=22 1=22 1=24 11=23

tbie 58

PHA Rl'oorralatild
Variables:

w10 MAT Reading_

194

2

3

4

Seven year olds

2 3 4

56*

N=13

71*

N=0

60**

N=21

59**

N=20'

21 44* 46*

N=11

..09

N=8 N=21 N=20

............................._,

63**
33 .

51 64**

N=11 N=8 N=21 N=20

49* 48*

N=10 N=8 N=20 N=20
-

Ten year olds

22

N=29

32

N=29

13.'

1=26

20

N=26

24 37 ,31 27

N=28 N=29 N=26 N=26

13 27 07 3

N=27 N=27 N=25, N=26

15

N=25

09
.

N=26

A
N=24

-or
N=26

"Twelve year olds

-29

N=30

.22.

N=30

-17

N=29.

-23

N=23

.11 02 04 11

N=30 N=30 N=29 N=23

-12 -14 . .14 .11

N=26 N=26 N=26 N=21

12 02 fr 33

N=20 N=20 N=20 N=20

Bight year olds

l' 2 4

4

N=25

30

N=25

21

N=24

63**

N=20

.33 31 21 61**

N=24 N=23 N=24 N=20

10 .01 16 21

N=20 N=19 N=23 N=20

27 15 27 29

N=18 N=18 N=20 N=20

Eleven year olds

32

1F29

39*.

N=29

38*

N=29

35

N=28

--WIT 46* 31 41*

N=29 N=29 N=29 N=28'

35

N=25

43*

N=25

39*.

N=26

40*

N=25

14 27 . 21 -17'.

1=19 N=19 N=20 N=19

195



61X yuur OlLIS
--MAT Reading

1 2
-

88** 70 50* 42

N=9 N=6 N=19 N=18

69 80 49* 32

N=8 N=6 N=19 N=18

48 23 63** 24

N=8 N=6 N=19 N=18

52 39 50* 29

N=7 N=5 N=18 14=18

la ye r olds

31
N=28

54#*
N=24

59**
N=26

33
N=23

40

N=24

q**
N=24

53**
N=26

.39

N=23

36
14=23

41
N=23

48*
N=25

31
N=2 2

44*
N=22

40
N=24

26
Nq022

46*
N.23

>9

es; PMA NQ oprrelated

.T Read ing

1

2

3

4

Seveh year olds

1 2 3 .

33

N=13
. ,

12.

N=8

63**

N=21

60**

N=20

35 32 . 62** 58**

Wil N=8 N=21 N=20

25 32 54* 50*

N=11 N=8 N=21 N=20

32 37 68** 62**

N=10 N=8 N=20 11=20

1

Ten year olds

17

N=29

47*
N=29

51**
N=26

6o**
N=26

17 44* 38 64**

N=28 N=29 N=26 N=26

28 1 59** 45* 6o**
N=27 N=27 N=25, N=26

25 39* 25 26

N=26 N=27 N=25 N=26

'Twelve year olds

20

N=30

12

N=30

18

i,1=29

28
N=23

24 26 31 ,47*
.N00
., .

N=30 N=29 N=23

15 08 25 03

N=28 11=28 N=28 N=22

26 12 28 28
N=23 N=23 N=23 N=23

Eight year olds

2

57**
N=25

66**
N=23

57**
N=24

69**
N=20

.

48* 50* 45* 69**
N=24 N=23 N=24 N=20

61**' 63** 42** 59**
N=20 N=19 N=23 N=20

68** 70** 63** 67**
N=18 N=18 N=20 N=20

Eleven year olds

61**
11=29

58**
N=29

51**
N=29

54**
N=28

6o** 48** 32 44*
N=29 N=29 N=29 N=28

27 25 35 33

N=27 N=27 N=28 N=27

37 37 38* 40*
11=28 N=28 11=29 N=28

co

197



ywr Oldti

MAT negiBg
. 2 3 4

52
N=6

25
.

N=19

10
N=18

46

N=6
44

N=19
35
N=18

48
N=6

62**
N=19

27

N=18

34
N=5

66**
N=18

41'

N=18

yel'aLLI:21.11

32
N=24

25

N=26

19

N=23

4 N=24
08

N=26
-11
N=23

3

46*
N=23

590*
11=25

40
N=22

2

24.
N=22

32
N=24

17
N=23

.....

PHA SQ correlated

Reading

1

2

3

4

Seven year olds

1 2 3

17

N.13

29

N.8

56**

N.21

55*

N=20

29 21. 60** 55*

N-11 N=8 N=21 N=20

25 13 59** 58**

4=11 N.8 N=21 N.20

13 02 60** 570*

N=10 N.8 N40 N=20

Ten-year olds

-04
N=29

14
N=28

03

No26
03

N=26

16 .35 20 21

N=28 N=29 No26 N=26

21 35 24 21

N=27 N=27 N=25. N=26

18 27 09 11

N=26 N=27 N=25 N=26
-

Twelve year olds

-19 -17 -02 r13
N=30 N=30 N=29 N=23

-06 -02 14 I -09
N=36 N=30 N=29 N=23

-37 -35 -21 -44*
N=28 N=28 N=28 N=22

-10 -09 03
N=23 N=23 N=23 N=23

A

Eight year olds

1 2 3 4

38

N=25
40

N=23

37

N.24
67**
N=20

40 41 16 63**
N-24 N.23 N.24 1=20

52* 50*. 42* 64**
N=20 N=19 N=23 N=20

38 26 37 57**
N=18 N=18 11=20 N=20

Eleven year olds

21

N=29
28

N=29
29

.N=29

23

N=28

28

N=29
22

N=29
17

N=29
16

N=28
/

31 30 28 29
N.27 N=27 N=28 N=2r/

24 29 36 30
N=28 N=28 N=29 N=28
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Year

1

2

ce
al

3

4

2

3

4

:',Lx.pJac WAN

MAT Wing
1 2 . 3

0

N=0

0

N=0

0

N=0

0

N=0

0 0 0 0

N=0 &O N=0 N=0,

0 0 0 0

N=0 , N=0 N=0 NO

0 0 0 0

N=0 N=0 N=0 N=0

ine year olds

0

'N=0

............

0

N=0

0

11=0

0

N=0

0 0 - 0 0

N=0 11=0 11=0 N=0_
0 0 0 0

N=1 11=1 N=l, N=1

-08 81 39 69

11=4 N=4 11=4 N=4

2

'Nble 61

3

Variables: PMA RQ oorrelated

4

with MAT Reading

200

peven year olds

1 2

0

N=0

0

N=0

0 :

N=0

0

N=0

0 o. 0 0

N=0 N=0 N=0 N=0

o 0 ,0 0

h=0 N=0 N=0 N=0

o o o 0

N=0 N=0 N=0 N=0

..... I I

Telyearol_.ds

0

N=0

,0

N=0

0

i70

0

11=0

-06 02 .01 79

N=6 N=6 N=6 N=6

41

N=5

72

11 =5

62

N=,5

76

$7.5

61 50 87** 20

N=8 N=8 N=8 N=8

Twelve year olds

-62 -510 .08 -25

N=9 N=9 g N=7

.18 -16 13 .17

N=18 N=18 1.0t7 N=13

.06 .26 09 -47

N=15 11=15 N45 N=13

-42 -36 .24 04

N=15 N=15 N=1$ N=15

Eight: year olds,

1 2 3

0

1=0

0

N=0

o

N=0

0

N=0

o o o o

N=0 Nmo N=0 1=0

100* 99 98

,

100

N=3 N.13 N=3 'N=2

0 0 0 0

N=1 N=1 N=1 1W

peven year olds

75

N=6

39

11=6

39

N=6

55

11=6

72**-61* 59* 38

II=12 N=12 N=12 N=12

51* 58** 64** 68**

1147 N=17 N=17 x=17

53*- 36 24 67**

1W5 N=15 N=15 N=15

N ,

0



Year

1

7
1

2

0
.S4 WA
(u.rig

2

y.,14.,t.2L WW1

'MAT Reading
1 2 3 4........

54

N=9

84*

N=6

56*

N=19

42

N=18

-20 .39 08 -08

N=8 N=6 N=19 N48

80* 88* 57* 46

N=8 N=6 N=19 N=18

19 66 02 16

N=7 N=5 N=17 N=18

Nine year olds

25

N=28

12

N=24

11

N=26

31

N=23

32 28 16 39

N=24 N=24 N=26 N=23

23 23 09 27

N=24 N=24 N=26 No23

04 07 22 17

N=21 N=21 N=23 N=22

bblg_l 62

Variables:
Perceptual Dia..'

crimination correlated with

MAT Reading

202

2

3

4

Seven year olds,

31 2 4

31

N=13

46

N=8

64**

N=21

- '

62**

N=20

23 42. 55** 53*

N=11 N=8 N=21 1=20
_____

19 -10 21 05

N=11 N=8 N=21 No20
-.-..-....

21 06 52* 39

N=9
...................______,.....__

N=7 'N=19 N=19

11141 ei.II
Ten ycler olds

21

N=29

. 37

N=29

26

No26

32

No26

27 42* 35 56**

N=28 N=29 N=26 N=26

.15 09 .10 25

N=27 N=28 N=26 N=26

02 19 25 2

N=26 N=27 N=25 N=26

.... , ..... *,

Twelve year olds

-20

N=30

-15

No30

-15

N=29

-30

N=23

-17 -03 13 -32

No30 'N=30 N=29 N=23

-27 -30 -25 -42*

N=29 No29 N=29 N=23

16 21 44* 14

N=23 N=23 N=23 N=23

gAhtLyar.,a1.ds

1

-07

No25

06

N=24

03

No24

17

N=20

01 04 -11 38

No24 N=23 N=24 N=20

17 12 -06 31

N=22 N=21 N=24 .N=20

1

21 22 .27. 52*

N=18
,

N=18 N=20 N=20

Eleven year olds

47*.

N=29

43*.

N=29

44*.

N=29

46*

N=28

4*.
N=29

43*.

11=29

47*.

N=29

33

,N=2(

44i 45* 56** 47*

N=28 N=28 N=29 N=2.8

26* 27 37 29

N=28 N=28 N=29' N=2

203



2

3

oluti

INTleading

1 2 3 j 4

-38

N=9

-38

N=6

-04

N=19

-08

N=18

0 0 -08 -13

N=8 N=6 N=19 41=1E

-50' -32 -06 -12

N=8 N=6 N=19 N=18

16 26 -34 -26

N=7, N=5 N=17 N=17

Nine year olds

26

N=28

39

N=24

41*

N=26

07

N=23

34 43* 28 24

N=24 N=24 N=26 N=23

45* 42* 38 40

N=24 N=24 N=26 N=23

32 35 30 32

.N=21 N=21 N=23 N=22

Table 63

Variables:
Perceptual Analyais

correlated with MAT Reading

204

,

2

3

4

Seven year olds

1 2 3

424

N=13

73

N=8

22

N=21

31

N=20

26 81* 57** 65**

N=11 N=8 N=21 N=20

-04 34 $1* 55*
N=11 N=8 11=21 N=20

-09 29 30 39

N=9 N=7 N=19 N=19

Ten year olds

37*

N=29

46*

N=29

28

h26

22

N=26

19--36 26 16

N=28 N=29 N=26 N=26

35 35 31 41*

N=27 N=28 N=26, N=26

25 31 27 36

N=26 N:27 ik,25 N=26

Welve year olds,

11

N=30

13

N=30

20

N=29

-07

N=23

-09 .09 Oj -32

N=30 N=30 N=29 N=23

08 06 1 -04

N=29 N=29 N=29 N=23

06 -02 11 -04

N=23 N=23 N=23 4=23

Eiqht year olds.

iH 2

34 ,

N=25

37

N=23

24

N=24

53*

N=20

61** 58** 27 79**

N=24 N=23 N=24 N=20

46*.

N=22

44*

11.7.21

28

N=24

67**

N=20

59** 49* 42 72**

N=18 N=18 N=20 N=20

Eleven year olds

34

N=29

38*

N=29

31

N=29

31

N=28

27 37* 31 36

N=29 N=29 N=29 N=28

32 39* 26, 41*

N=28 N=28 N=29. N=28

36 37 29 34

N=28 N=28 N=29 N=28
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Year

1

2

3

4

yu..tr 01(1.4

MAT Beading
1' 7 3 4

-02

ii=9

-22

N=6

-01

N=19

01

N=18

-14 48 -06 .06

N=8 11=6 11=19 11=18

-02 .02 51* 22

11=8 11=6 11=19 11=18

01 26 -07 -01

11=7 11=5 11=17 11=17

Nine year olds

47*

N=28

44*

N=24

21

N=26

27

N=23

07 22 35 10

N=24 N=24 X=26 N=23

'.24 30 33 30

N=24 N=24 N=26 N=23

20 24 22 38

N=21 N=21 N=23 N=22

Table 64

Perceptual Synthepis

Variables:

1

2

3

4
correlated with. MAT lipaciing

206

.Sevenyear olds.

1 2 3

36

11=13

__
73*

11=8

64**

N=21

70**

11=20

-10 28. 37 55*

11=11 11=8 11=21 11=20

-02 24 44* 48

11=11 N=8 Nm21 11=20

.04 .04 51* 52*

11=9 11=7 N=19 11=19

en year olds

-04 22 12 16

N=29 N=29 N=26 11=26

. ,

-16 01 .18 -03

Nm28 N=29 11=26 11=26

06 25 05 14

11=27 11=28 :N=26. 11=26

15 30 14 22

11=26 1=27 N=25- 11=26

Twelve year olds

, .01

11=30

.09

11=30

09

N=29,

-18

11=23

-09 -07 14 -14

11=30 N=30 11=29 11=23

.13 .07 -02 02

N=29 N=29 : 11=29 11=23

-02 -05 09 -14

11=23 N=23 11=23 N=23

' .

FIght year olds

1

r- i7

.25

05

.23

.06

N.24

50*

11=20

20 12 10 24

N=24 11=23 11=24 11=20

52* 50* 33 59**

11=22 11=21 11=24 11=20

37 44 40 52*

11=18 11=18 11=20 11=20

42*

Nm29

52**

11=29

50**

,11=29

43*

11=28

36 40 46* 36

11=29 11=29 11=29 11=28

43* 39* 410 48**

11=28 11=28 11=29 11=28

380 44* 51** 45*

11=28 N=28 '11=29 11=28
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year

1

1

2

uar clus

2 3

38

N=9

38

N=6

20

N=19

09

N=18

62 14 -11 -19

11=8 N=6 N=19 N=18

43 08 01 05

N=8 N=6 N=19 N=18

11 -24 -09 f09

N=7 N=5 N=17 N=17

Nina year olds

31 41* 39* 05

N=28 N=24 N=26 N=23

37 29 36 11

N=24 N=24 N=26 N=23

19 18 . 29 09

N=24 N=24 N=26 N=23

31 17 21 28

N=21 N=21 N=23 N=22

1

2

Table

3

Variables:
Perceptual ,Integratian

correlated with MAT Reading

208

4

Seven year olds

1 2 3

32

N=13

78*

N=8

56**

N=21

65**

N=20

14. 60. 58** 70**

N=11 N=8 N=21 N=20

01 48 56** 72**

N=11 N=8 'N=21 N=20

-15 21 42 46*

N=9 N=7 N=19 N=19

Ten year olds

03

N=29

28

N=29

14

N=26

07

N=26

25 35 28 27

N=28 N=29 N=26 N=26

30 37 .32 35

N=27 N=28 N=26 N=26

31 45* 38 31

N=26 N=27 N=25 N=2(

Twelve year olds

-12

N=30

-10

N=30

06

N=29

-14

N=23

-15 -16 01 -14

11=30 N=30 N=29 N=23

.05 -02 11 -08

N=29 NI29 N=.29 N=23- +a...4,r.. 6..../....wom ............

11 02 12 05

N=23 N=23 N=23 N=23

Eight year olds

1 2

68**

N=25

56**

N=23

43*

N=24

81**

N=20

...?

554* 38 26 72**

N=24 N=23 Ig4 N=20
....__...

64** 64** 57**

.

82**

N=22 N=21 N=24 N=20
._

64** 68** 62** 814*

N=18 N=18 N=20 N=20

Eleven year olds

...._

27 3i 30 .33

N=29 N=29 N=29 N=28

24 22 22 24

N=29 N=29 N=29 N=28

14 13 17 19

N=28
,

N=28
. ,

N=29
,

N=28
.

31 31 33 39*
N=28 N=28 N=29 N=28

r-

tv
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Chapter 4. Longitudinal Study of the WISC

Research has been reported on the neurological

and cognitive heterogeneity of children educationally

designated as brain damaged (Birch, 1964; Birch, Belmont,

Belmont, and Taft, 1967; Birch and Bortner, 1968; Bortner

and Birch, 1970; Bortner, Hertzig, and Birch, 1972).

These studies show a concern with the problem of cognitive

ability characteristics for brain damaged children but

longitudinal comparisons have not yet been investigated.

The.present study concerns the longitudinal course,

of development of cognitive functioning in brain damaged

children of school age. The issues of specific interest

are the stability and variability of intellectual func-

tioning and its patterns. This problem may be formulated

as a question: What happens to the relative position of a

child within her/his peer group both in terms of general

intelligence test scores and in terms of specific aspects

of intellectual functioning? The proposed study was

designed to provide such information by tracing the

developmental course of both the IQ and of patterns of

intellectual abilities in children with neurological

impairment.
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It is important to ascertain whether this pattern

of intellectual functioning changes with age or remains

constant. Although cross-sectional analysis of intel-

lectual patterns or profiles might provide this informa-

tion about status at a given point in time, only longi-

tudinal analysis is pertinent to the discovery of indi-

vidual stability of growth patterns. That is, does a

child's pattern of intellectual.functioning at a given

time relate systematically to his pattern of functioning

in subsequent periods?

The primary objective of the present investigation

was to provide information characterizing the stability

and/or variability of intellectual functioning of.neuro-

logically impaired school age children studied longitud-

inally over a period of four years. A coordinate objective

was to ascertain the presence and possible changes over

time in patterns of intellectual functioning, and to dis-

cover whether Or not these patterns, if present, were age-

specific.

Method

Subjects

The subjects in the study were those 177 children,

studied over the 4-year period, who were still present in

the fourth year, thus providing a set of four WISCs for

each child.
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The children of the study sample initially con-

sisted of 30 children, randomly selected, within each of

7 consecutive age groups, 6, 7, 8, 9, 10, 11, and 12 years

old at'the start of the investigation. This range was

selected for study because of its potentiality for growth

and change. As the starting-age groups grew older from

one year to the next over the 4 years, they encompassed

respective age ranges of 6-9, 7-10, 8-11, 9-12, 10-13,

11-14, and 12-15 years. The original total sample sus-

tained out-migration loss over the 4-year period, dropping

from 210 to 177 children. Analysis was accordingly limited

to those children present for the entire 4-year span.

Table 66 shows the resulting age-and sex characteristics

of the children studied, arranged by starting-age group.

As observed in the table, boys outnumbered girls in the

sample by approximately 3:1, representative of the special

school popufation and also comparable with data reported

in other studies of neurologically impaired children

(Birch, 1964; Rutter, Graham and Yule, 1970).

These brain injured children were characterized

by generally subaverage intellectual functioning. In

terms of the Wechsler Intelligence Scale for Children

(WISC) IQs obtained during the first year of the longi-

tudinal study, 60% of the children had Full Scale IQs

below 75, and 12% had IQs in the range from 75 through 80.
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Table 66

Age and Sex Characteristics of the Longitudinal

Starting-Age Groups of Children

Starting-Age
Group

Longitudinal
kAnge

Boys Girls Total

6 6-9 16 9 25

7 7-10 22 4 26

8 8-11 17 5 22

9 9712 19 6 25

10 10-13 21 6 27

11 11-14 25 4 29

12 12-15 14 9 23

Total 134 43 177
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On both the Verbal and Performance Scales, approximately

half the children had IQs below 75, and nearly 20% had

IQs from 75 through 80. Their mean intellectual status

on each of the three scales is shown in Table 67, arranged

by starting-age group during the first year of the study.

The table of means bears out the previous observa-

tions of overall borderline level of the scores. The mean

score levels for Full Scale IQ ranged from 65 in the 6-year

starting-age group to 79 in the 11-year starting-age group.

Verbal Scale IQ ranged from 68 to 83, and Performance,

Scale IQ ranged from 68 to 78, with the same starting-age

groups representing the extremes of the range.

Procedure

Over the 4-year duration of the longitudinal study,

each child was tested at yearly intervals by the same

psychologist. Each child was retested in the following

year within a few weeks of the anniversary of the previous

examination. This schedule enabled the observation and

comparison of 4 repeated measures for each child, and

provided for the longitudinal following of the children in

the 7 starting-age groups. The WISC was selected in order

to permit an analysis of patterning of the cognitive

abilities of the children as well as to supply overall

measures of intellectual functioning. Because the test

has been studied in depth in both normal and pathological
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Table 67

WISC IQ Characteristics of the Longitudinal Starting-Age

Groups of Brain Damaged Children

Starting-
Age Group N

Verbal IQ

M SD

Performance

M

IQ

SD

Full Scale

M

IQ

SD

6 25 68.48 10.20 68.76 9.93 65.56 9.52

7 26 71.38 13.05 71.54 18.96 68.62 16.59

8 22 77.27 13.42 79.36 20.97 76.18 17.86

9 25 73.60 10.76 76.96 12.64 72.80 11.40

10 27 75.07 12.48 70.04 15.60 70.11 13.69

11 29 83.52 15.37 78.97 17.64 79.48 16.59

12 23 78.13 9.43 73.26 13.82 73.43 10.62

Note. The means and standard deviations for the

WISC.IQ scales represent the scores obtained during the

first year of the longitudinal study.
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populations, a context of literature and empirical findings

was available with which the results of the study could be

evaluated and compared.

Design

Scaled scores of all the 12 subtests of the WISC

as well as the 3 resulting Verbal Scale, Performance Scale,

and Full Scale IQs were obtained for each of the 177

children, and were analyzed within each of the 7 starting-

age groups. Thus, 15 one-way analyses of variance, re-

peated measures design, were performed in each of the 7

starting-age groups for a total of 105 comparisons to

provide evidence of stability or change for each of the 15

measures over the 4 years. Wherever significant F values,

2 < .05, were found in the analyses of variance compari-

sons, orthogonal polynomial coefficients were used to

determine the shapes of the trends for each set of 4 sub-

test means. F tests for the trend components provided

information concerning the significance of linear, cubic,

and/or quadratic characteristics.

In addition, Pearson correlation coefficients were

obtained for the subtest scores, generating a correlation

matrix describing the relationships of each year with the

others on the 4-year comparisons for each starting-age

group.
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Finally, the 12WISC-subtest means were ranked

within each of the 4 years for each of the 7 starting-age

groups to provide ordinal evidence of cognitive patterning

characteristics.

Results

Stability and Change in Cognitive Development

Examination of the test scores showed that of the

105 longitudinal comparisons available from the data, and

tested by the analyses of variance, 70 comparisons emerged

which remained stable over the four years. That is, F

tests yielded no significant differences al: the .05 level.

In these 70 comparisons, the children maintained a rate of

growth commensurate with the levels established at initial

assessment during the first year of the study, i.e., scaled

scores remained consistent over the four years. Further,

the 70 comparisons which remained stable significantly out-

numbered the 35 which showed change:
2 (1) = 11.7, a < .001.

However, although thb-35 cd-tpati-abh-s-which-ahowed

change over the four years were significantly outnumbered

by those which remained stable, the very incidence of these

35 significant differences out of 105 comparisons exceeded

chance expectations. That is, since the significance level

of the analyses of variance which tested the 105 comparisons

was set at 2 < .05, the same criterion was applied to the
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TABLE 68

Starting-Age 6: WISC Scaled Score Means and F Values for Analysis

of Variance and Trend Analysis for Four Consecutive Years,n---25

Subtest
Age

6 7 8

Trend Analysis Components
AiVOVA Linear Quadr. Cubic

9
3,72 df 1,72 1,72 1,72

1 Lnform. 14 5.16 5.52 5.16 5.36
0.41

SD 2.22 -2.35 2.38 2.54

2 Ccnnpr. M 4.88 5.84 5.28 4.84

SD 1.73 2.36 2.24 3.13

3 Arith. M 4.84 4.60 4.64 4.88

SD 1.78 2.64 2.35 2.27

4 Simil. M 5.64 6.04 6.76 7.24

SD 2.57 2.52 3.15 3.25

5 Vocab. M 4.16 4.72 5.00 4.76

SD 2.03 1.87 1.96 2.75

6 D.Span. M 5.12 5.96 5.52 6.48

SD 2.21 3.13 2.62 3.25

7 P.Compl. M 6.08 6.72 6.40 6.88

SD 2.46 2.07 1.88 2.37

8 P.Arr. M 5.92 5.12 6.12 5.92

SD 2.00 2.30 2.08 2.28

9 131.Des. M 5.64 7.40 7.04 7.04

SD 2.62 2.86 2.75 2.95

10 Cobj.A. M 4.56 5.88 5.88 5.36

SD 1.98 2.47 3.43 2.92

11 C;oding M 4.76

SD 3 01

6.16

3.35

6.36 7.04

3.22 3.73

12 Mazes M 6.04 6.32 6.20 6.40

SD 1.59 1.83 2.17 3.24

13 V IQ M 68.48 71.40 71.08 72.44

SD 10.20 11.96 12.02 14.48

14 PIQ M 68.76 74.00 74.52 75.32

SD 9.93 11.88 12.87 14.31

15 FIQ M 65.56 70.08 70.12 71.32

SD 9.52 11.65 12.44 14.60

2.74*

0.26

2.79*

1.72

3.04*

0.94

1.54

4.30**

2.77*

7.64***

0.29

2.57

8.38***

7.56***

0.00 0.01 0.00

8.27** 0.01 0.09

5.90* 0.03 3.20

5.22* 5.49* 2.18

2.05 6.03* 0.23

20.67*** 1.08 1.18

19.29*** 4.66* 1.18

17.59*** 3.23 1.87



TABLE 69

Starting-Age 7: WISC Scaled Score Means and F Values for Analysis
of Variance and Trend Analysis for Four Consecutiv:: Years, N=26

Stibtest
7

Age Trend Analysis Components
ANOVA Linear Quadr. Cubic

9 10
3,75 df 1,75 1,75 1,75

1 Inform. M 4.92 5.38 5.77 5.50
SD 2.35 2.2& 2.45 2.75

2 Compr. M 6.08 5.65 4.62 5.27
SD 2.37 2.51 1.96 3.29

3 Arith. M 5.12 4.31 4.04 4.42
SD 2.83 2.85 2.41 2.80

4 Simil. M 5.77 6.81 6.15 7.23
SD 2.41 2.59 3.36 3.63

5 Vocab. M 5.15 5.31 5.50 4.85
SD 3.13 2.16 2.27 2.66

6 D.Span. M 5.50 5.31 5.23 5.23
SD 2.34 2.85 2.59 2.44

7 P.Compl. M 6.35 6.12 5.23 5.62
SD 3.63 2.90 2.71 2.73

8 P.Arr. M 6.19 5.96 5.85 6.23
SD 3.34 3.49 4.55 3.66

9 Bl.Des. M 5.73 5.81 6.58 6.69
SD 2.81 3.06 3.9.7 4.23.

10 Obj .A. M 5.85 5.96 6.38 6.15
SD 3.50 4.10 4.73 4.65

11 Coding M 5.08 5.58 5.96 5.73
SD 3.37 3.73 4.20 3.72

12 Mazes M 6.31 5.81 6.04 6.00
SD 2.49 2.70 3.01 3.31

13 V IQ M 71.38 71.50 69.96 71.15
SD 13.05 12.30 12.38 15.44

14 P IQ M 71.54 71.31 72.31 73.00
SD 18.96 20.96 23.82 22.92

1.88

3.87* 6.02* 2.91 2.68

3.25* 4.25* 5.49* 0.01

2.63

0.89

0.23

2.02

0.38

1.95

0.52

1.12

0.69

0.67

0.39

15 F IQ M 68.62 68.69 68.31 69.12 0.13
SD 16.59 17.15 18.16 19.59

.05 **p < .01
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TABLE. 70 11+2

Starting-Age 8: WISC Scaled Score Means and F Values for Analysis
of Variance and Trend Analysis for Four Consecutive Years ,N=22

Age Trend Analysis Components
Subtest ANOVA Linear Quadr. Cubic

8. 9 10 11 F F F F
3,63 df 1,63 1,63 1,63

1 Inform. M 6.27 6.64 6.68 6.18 0.78
SD 2.36 2.60 2.14 2.29

2 Compr. M 6.23 6.14 6.59 5.82
SD 2.35 2.45 1.87 2.12

3 Arith. M 6.32 5.41 6.05 5.59
SD 2.75 1.90 2.74 2.66

4 Simil. M 6.73 6.59 8.14 8.73
SD 3.03 2.82 2.38 2.38

-5 Vocab. M 6.05 6.45 6.23 5.64
SD 2.88 2.41 2.04 2.10

6 D.Span. M 6.64 6.55 7.00 7.59
SD 2.98 3.26 2.98 3.39

0.93

2.77* 0.95 0.41 2.76

7.41*** 19.03*** 0.88 2.32

1.54

2.12

7 P.Compl. M 7.09 7.50 7.14 6.68
0.95

SI) 2.91 2.54 2.96 2.93

8 P.Arr. M 7.14 6.68 6.59 6.95
SD 3.33 3.53 3.21 3.75

9 Bl.Des. M 7.73 7.91 6.95 6.27
SD 3.74 3.55 3.31 3.91

10 Obj.A. M 6.82 7.05 7.68 6.82
SD 4.26 3.64 4.19 4.01

11 Coding M 7.27 7.91 7.14 7.05
SD 3.76 3.23 3.35 3.83

12 Mazes

13 V IQ

14 P IQ

15 F IQ

M 6.18 6.36 6.27 6.55
SD 2.52 2.03 2.65 3.14

M 77.27 76.91 79.64 78.64
SD 13.42 12.76 11.32 11.95

M 79.36 80.59 78.86 - 77.23
SD 20.97 17.26 18.14 20.03

M 76.18 76.73
SD 17.86 15.33

77,32
14.70

75.77
15.78

0.50

6.02** 15.04*** 1.98 1.06

1.14

1.83

0.36

1.92

1.34

0.59

*E < 05 **2 < .01 *4!*2 < . 001
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TABLE 71 143

Starting-Age 9: WISC Scaled Score Means and F Values for Analysis

of Variance and Trend Analysis for Four Consecutive Years , N=25

Subtest

9 10

Age

11 12

1 Inform . M 6.12 6.28 6.20 6.12

SD 2.12 2.20 2.48 2.05

2 Compr. M 5.56 5.84 5.56 4.88

SD 2.67 2.72 2.55 2.07

3 Arith. M 5.36 5.28 5.68 6.04

SD 2.36 2.55 2.49 2.09

4 Simil. M 5.96 7.44 7.92 8.24

SD 2.62 2.86 3.36 2.08

5 Vocab. M 5.36 5.44 5.00 4.84

SD 2.54 2.47 2.50 2.05

6 D.Span. M 6.36 6.96 6.48 7.32

SD 2.48 2.27 2.76 2.60

7 P . Campl 6.68 7.04 6.96 6.88

' SD 2.46 2.46 2.55 2.10

8 P.Arr. M 6.68 6.68 6.60 6.80

SD 3.53 3.72 3.71 3.27

9 BI .Des . M 7.24 7.08 7.24 7.20

SD 2.29 2.62 2.82 2.64

10 Obj.A. 6.72 6.96 6.72 6.88

SD 2.29 3.04 2.99 3.63

11 Coding NE 6.96 7.88 8.44 8.72

SD 3.05 2.98 3.07 3.07

12 .Mazes NE 5.88 5.68 6.56 6.44

SD 2.01 2.24 2.83 2.64

13 V IQ NE 73.60 76.28 75.72 76.36

SD 10.76 12.27 12.78 9.79

14 P IQ NE 76.96 78.32 79.80 80.40

SD 12.64 14.23 14.50 14.28

15 F IQ NE 72.80 75.04 75.60 76.32

SD 11.40 13.14 13.67 12.15

***2 < .001

ANOVA
F

3,72 df

Trend Analysis Compotwn ts

Linear

F
1,72

Quadr..

F
1,72

Cubic

F
1,72

0.12

2.00

1.33

5.38** 14.16*** 1.78 0.19

1.53

2.12

0.20

0.06

0.07

0.09

3.35* 9.48** 0.57 0.00

2.20

1.83

1.79

2.81* 7.52** 0.70 0.21
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TABLE 72 144

Starting-Age 10: WISC Scaled Score Means and F Values for Analysis

of Variance and Trend Analysis for Four Consecutive Years , N=27

Subtest

10 11

Age

12 13

ANOVA
F

3,78 df

Trend Analysis Components
Linear

F
1,78

Quadr. .

F
1,78

Cubic
F

1,78

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Inform.

Compr.

Arit.h.

Simil.

Vocab.

D.Span.

P.Compl.

P.Arr.

BI.Des.

Obj-A.

Coding

.Mazes

VIQ

P IQ

F IQ

M
SD

6.63

2.28

5.67

2.55

5.00

2.94

6.63

2.97

5.59

2.83

6.63

2.54

6.22

3.12

5.81

2.47

5.93

3.47

5.33

2.82

5.78

2.77

4.93

2.51

75.07

12.48

70.04

15.60

70.11

13.69

7.04

2.53

5.22

2.86

5.26

2.46

7.85

2.58.

5.93

2.79

6.67

3.24

6.22

2.95

6.52

3.63

5.96

2.96

5.44

3.42

5.93

2.48

5.70

3.33

77.04

13.23

71.96

18.04

72.11

15.20

6.52

2.17

5.11

2.31

5.74.

2.14

7.93

2.43

5.33

2.33

7.22

2.66

6.52

3.01

6.96

3.70

6.15

2.55

5.26

3.99

6.63

2.92

6.04

3.55

77.00

11.33

73.93

18.93

73.07

14.71

6.19

2.34

4.41

2.45

5.67

2.02

8.37

2.83

4.81

2.78

7.59

2.47

6.26

2.30

6.70

3.12

6.04

3.06

5.52

3.91

7.33

3.31

6.78

3.34

76.00

11.92

75.15

17.55

73.37

14.58

2.43

3.47* 9.64**

2.48

4.72** 11.90**

4.19** 8.16**

1.88

0.18

1.96

0.14

0.13

7.87*** 22.20***

11.31***33.21***

1.59

5.62** 16.68***

6.01** 16.00***

0.21

1.28

3.46

1.19

0.01

0.14

2.01

0.55

0.98

0.95

0.24

0.69

0.34

0.02

M
SD

M
SD

M
SD

M
SD

M
SD

M
SD

M
SD

M
SD

M
SD

M
SD

M
SD

M
SD

M
SD

M
SD

**t2.( .001
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TABLE 73

Starting-Age 11: WISC Scaled Score Means and F Values for Analysis

of Variance and Trend Analysis for Four Consecutive Y ears , N=29

145

Subtest
11 12

Age

13 14

AVIDVA

3,84df

Trend Analysis Components

Linear Quadr.
F F

1,84 1,84

Cubic

1,84

Inform. M 7.21 7.31 6.76 7.00 1.27

SD 2.55 2.44 2.62 2.77

2 Compr. M 6.69 6.28 5.90 5.76 1.82
SD 2.87 3.06 2.96 3.54

Arith. NI 6.59 6.83 6.31 5.79 4.01* 8.53** 2.92 0.58
SD 2.79 2.46 2.32 2.68

Simil. M 9.00 9.31 8.62 8.83 0.91

SD 3.25 2.15 2:81 1.82

5 Vocab. M 7.41 6.76 6.69 6.17 3.96* 10.99** 0.07 0.82
SD 3.97 3.02 2.81 2.77

6 D.Span. M 7.24 7.93 8.00 8.07 1.86
SD 2.91 2.99 3.36 3.28

7 P.Compl. M 7.38 7.66 7.14 8.03 2.52
SD 3.20 3.00 3.12 3.41

8 P.Arr. M 7.14 7.59 8.69 8.07 3.17* 5.44* 2.05 2.03
SD 3.26 3.12 3.85 3.92

9 BliDes. M 7.52 7.07 7.90 7.52 1.27

SD 2.75 2.89 3.23 3.76

10 Ctd-A. M 7.21 6.83 8.17 8.41
4.89** 10.45** 0.82 3.39

SD 3.74 3.48 4.68 4.76

11 Coding M 6.97 7.17 7.52 7.62 1.38

SD 3.56 3.68 3.69 4.16

12 .Mazes M 5.59 6.97 6.83 6.97
6.14** 10.95** 5.27* 2.20

SD 2.40 2.95 2.91 3.16

13 V IQ M 83.52 83.66 81.66 80.76 3.75* 9.78** 0.50 0.97
SD 15.37 13.67 13.73 14.33

14 P IQ M 78.97 80.55 84.10 84.52 7.76*** 21.55***0.36 1.37
SD 17.64 17.48 20.69 22.75

15 F E2 M. 79.48 80.55 81.17 80.97
1.28

SD 16.59 15.78 17.52 18.70

< 701 471!*.2 G. .001
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TABLE 74

Starting-Age 12: WISC Scaled Score Means and F Values for Analysis

of Variance and Trend Analysis for Four Consecutive Years , N=23

146

Subtest
Age

12 13 14 15

Trend Analysis Components

ANOVA Linear Quadr. . Cubic

F F

3,66df 1,66 1,66 1,66

1 Inform . M 6.00 5.87 5.87 5.70
0.41

SD- 1.82 - 1.96 1.70 1.73

2 Compr. M 4.87 5.09 4.04 4.87
2.30

SD 1.39 2.19 2.24 2.51

3 Arith. M 6.57 6.65 6.04 7.35
3.69*

SD 2.60 2.71 2.88 3.24

4 Sindl. M 8.70 8.22 8.30 8.09
0.89

SD 2.01 1.38 1.12 1.44

5 Vocab. M 5.57 5.26 5.17 4.83
1.49

SD 1.47 1.98 1.99 2.46

6 D.Span. M 7.48 7.91 7.65 8.09
0.57

SD 2.68 3.39 2.99 3.93

7 P.Compl. M 6.00 6.87 7.13 7.04
2.67

SD 2.41 2.45 2.33 2.63

P.Arr. M 6.39 7.13 6.78 6.78
0.59

SD 3.19 2.31 2.59 2.69

9 Bl.Des. M 6.52 7.17 6.57 6.65
0.82

SD 2.26 3.06 3.47 3.62

1.94 4.76* 4.37*

10 Obj,A. M 6.17 6.83 6.48 7.00
1.10

SD 3.36 3.53 3.63 3.98

11 Coding M 6.30 7.13 6.87 8.00
5.74** 13.41*** 0.27 3.53

SD 1.73 2.63 2.51 2.73

12 Nazes M 5.61 6.70 6.43 7.26
4.76** 11.12** 0.17 2.99

SD 2.48 2.76 3.63 3.30

13 V IQ M 78.13 78.13 76.26 77.57
1.14

SD 9.43 8.97 8.56 10.47

14 P IQ M 73.26 78.96 77.17 79.91
5.18*

SD 13.82 14.75 15.53 16.82
6..21*** 11.87** 1.57

15 F IQ M 73.43 76.57 74.43 76.65.
3.32* 3.68 0.27 6.00*

SD 10.62 11.27 11.03 11.83

4 -.05 **2 < .01 ***p < . 001
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number of significant comparisons which might be expected

by chance out of 105. The resultant chi-square value

(177.5) of the deviation from this chance expectation of

difference was significant beyond the .001 level. Tables

68-74 present means and stanclard deviations for the 12

WISC subtests, and the Verbal, Performance, and Full Scale

IQs obtained annually over the 4-year period, for each of

the 7 starting-age groups. The associated F values are

shown for the 105 analyses of variance, as well as the F

values for the trend components, linear, cubic, and/or

quadratic, for the 35 significant differences obtained in

longitudinal score comparisons on the repeated WISC

measures.

Significant deviations. These 35 deviations from

the more numerous stable comparisons consisted of 30

instances of significant linear upward or downward trends

(22 upward, mixed with 3 quadratic and 1 cubic trend; and

8 downward, mixed with 1 quadratic trend) in the measures

repeated over the four years. There were also 3 scattered

instances, 1 each, of exclusively quadratic, cubic, and

mixed quadratic and cubic trends. Finally, there were 2

significant comparisons which failed to show any signifi-

cant trend components. Table 75 presents a summary of

these trends.
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Table 75

Summary of Significant Trends in Cognitive Development

over Four Years on the WISC

Starting-Age Groups

Test 6-9 7-10 8-11 9-12 10-13 11-14 12-15

Inf.

Compr. L*- L**-

Aith. L*- L**-
4* (2*

C*

Simil. L**+ L***+ L***+ L**+

Vocab. L**- L**-

D.Span L*+

V IQ L**-

P.Compl.

P.Arr. L*+

Bl.Des. L*+ L***-
4*

Obj.A. L**+
4*

Coding L***+ L**+ L***+ L***+

Mazes L***+ L**+ L**+
4*

P IQ L***+ L***+ L***+ L**+
4* C*

F IQ L***+ L**+ L***+ C*.

Note. Trends are abbreviated as follows: L =

Linear, Q = Quadratic, C = Cubic. Positive (+) and

Negative (-) indicate linear direction.

*2 < .05. **2 < .01. ***E < .001.
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Examination of the 30 linear trend deviations from

the overall stable score levels reveals that the 22 upward

trends significantly outnumbered the 8 downward trends,

x
2
(1) = 6.53, E < .01. Upward trends were mainly confined

to the Performance Scale scores, and downward trends were

nearly always limited to Verbal Scale scores.

Specifically, upward trends were shown on Picture

Arrangement in the 11-year starting-age group; on Block

Design in the 6-year starting-age group; on Object

Assembly in the 11-year starting-age group; on Coding in

the 6-year, 9-year, 10-year, and 12-year starting-age

groups; on Mazes in the 10-year, 11-year, and 12-year

starting-age groups. As expected, the upward trends on

Performance Scale subtests were also reflected in upward

trends for Performance Scale IQ in the 6-year, 10-year,

11-year, and 12-year starting-age groups; and for Full

Scale IQ in the 6-year, 9-year, and 10-year starting-age

groups. A few linear Upward trends were also found on

Verbal Scale subtests: Similarities showed an upward

trend in the 6-year, 8-year, 9-year, and 10-year starting-

age groups; and Digit Span showed an upward trend in the

6-year starting-age group.

Conversely, downward linear trends were shown in

the Verbal Scale subtest scores of Comprehension in the

7-year and 10-year starting-age groups; on Arithmetic in
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the 7-year and 11-year starting-age groups; on Vocabulary

in the 10-year and 11-year starting-age groups; on Verbal

Scale IQ in the 11-year starting age group. One of the

Performance Scale subtests, Block Design, showed a down-

ward linear trend in the 8-year starting-age group. It

should be noted that the observation of a downward,trend

'in no way represents a loss in raw score values, but

rather reflects that raw scores did not gain sufficiently

to maintain the previous scaled score levels. Thus, from

one year to the next, children could remain at the same

absolute (raw score) level or even increase slightly, but

scaled scores would show a loss because they are

for age group.

Exceptions from the linear trends were observed in

4 isolated instances: Object Assembly showed a quadratic

trend in the 6-year starting age group. Arithmetic

showed a combination of quadratic and cubic trends in the

12-year starting-age group. Full Scale IQ showed a cubic

trend in the 12-year starting-age group.

Consistency

Overall patterning of subtest scores was relatively

consistent. Table 76 presents the correlation matrices

for each of the groups in comparisons of subtest function-
,

ing. In all but three instances, there was a significant

positive, although sometimes low correlatidn from year to
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Table 76

6

Pearson Correlation

for Each

Age 6 N = 25

7 8 9

Matrices

Starting-Age

for Subtest Comparisons

Group

Age 7 N = 26

7 8 9 10

6 .52** .63** .62** 7 .59** .16 .43*

7 .81** .75** 8 .66** .87**

8 .81** 9 .81**

Age 8 N = 22 Age 9 .N = 25

8 9 10 11 9 10 11 12

8 .82** .46* .34 9 .81** .71** .67**

9 .48* .26 10 .90** .88**

10 .81** 11 .95**

Age 10 N = 27 Age 11 N = 29

10 11 12 13 11 12 13 14

10 .83** .70** .49** 11 .72** .57** .56**

11 .87** .73** 12 .67** .74**

12 .93** 13

Age 12 N = 23

12 13 14 15

12 .86** .85** .72**

13 .95** .92**

14

*2 < .05 **2 < .01
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year on longitudinal comparisons. The exceptions were in

the 7-year starting-age group, with year-7 showing a low

correlation with year-9; and in the 8-year starting-age

group, with year-11 showing low correlations with years 8

and 9.

Individual strengths and weaknesses. Notwithstand-

ing that differences among the 12 subtest scaled score

means in any given year were actually small (Tables 68-

74), it was of interest to ascertain whether areas of

relative Strength and weakness might be present. Applying

a criterion of ordinal position to the mean scaled scores

of the 12 WISC subtests, and classifying as a relative

strength those subtests within an ordinal range of 1

through 5, and as a relative weakness those subtests with-

in an ordinal range of 8 through 12, cognitive patterns

were identified. Table 77 presents the ordinal positions

for each of the subtest scaled score means for each year

of the longitudinal study within each of the 7 starting.-

age groups. It was observed that relatively consistent

patterns of weakness and strength emerged in each of the

starting-age groups. These patterns were rarely age-

specific, but instead were usually maintained, with oc-

casional spottiness, from one year to the next over the

four years within each longitudinal starting-age group:
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Table 77

Ordinal Positions of Ranked Subtest Scaled Score Means
Within Each Starting-Age Group Over the

4-Year Longitudinal Span

WISC SubteStsAge GroupICASVDPC PA BD OA Cd M

6

6
7
8
9

6
9

10
8

8
8
9

11

9
12
12
10

4
5
2
1

12
11
11
12

7
6
8
5

1
2
3
4

3
10

6
8

5
1
1
2

11
7
7
9

10
4
4
3

2
3
5
6

7

7
8
9

10

12
9
7
8

4
7

11
9

10
12
12
12

6
1
3
1

9
108910
11

8
11

10

1
2

7

3
3
6
3

7
5
1
2

5
4
2
4

11
8
5
6

2
6
4
5

8

8
9

10
11

9
6
7
9

10
11

8
10

8
12
12
12

6
71115
1

12
9

11

7
8

2

4
3
3
6

3
5
9
4

1
1
6
8

5
4
2
5

2
2
4
3

11
10
10

7

9

9
10
11
12

7
8
9
9

10
9

11
11

11
12
10
10

8
2
2
2

12
11
12
12

6
5
8
3

4
4
4
5

5
7
6
7

1
3
3
4

3
6
5
6

2
1
1
1

9
10

7
8

10

10
11
12
13

1
25129
7

8
12

12

11
11

9

2
1
1
1

9
7

10
11

3
3
2
2

4
5
6
6

6
4
3
5

5
6
7
8

10
10
11
10

7
8
4
3

12
9
8
4

11

11
12
13
14

6
5
9
8

10
12
12
12

11
9

11
11

1
1
2
1

3
11
10
10

5
2
4
3

4
3
7
5

8
4
1
4

2
7
5
7

7
10

3
2

9
6
6
6

12
8
8
9

12

12
13
14
15

8
10
10
10

12
12
12
11

3
9
9
4

1
1
1
1

.11
11
11
12

2
2
2
2

9
6
3
6

5
4
5
8

4
3
6
9

7
7
7
7

.6
5
4
3

10
8
8
5
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Starting-age 6. Relative strength was shown by

Similarities, Picture Completion, Block Design, Mazes, and

also Coding after an initial weak start. Relative weak-

ness was shown by Information (after a middling start),

Comprehension, Arithmetic, Vocabulary, and Object

Assembly.

Starting-age 7. Relative strength was shown by

Similarities, Picture Arrangement, Block Design (after a

middling start), Object Assembly, Mazes (middling).

Picture Completion shifted from a position of relative

strength to one of relative weakness in the last two years

of the four. Weaker abilities were shown by Information,

Comprehension (after a middling start), Arithmetic,

Vocabulary, and Digit Span.

Starting-age 8. Relatively stronger abilities

were shown by Similarities (after a middling start) , Pic-

ture Completion, Picture Arrangement (which dropped in

the third year and regained in the fourth), Object As-

sembly, and Coding. Block Design started out very strong

in the first two years, but shifted to a middling-weak

position for the last two years. Relatively weaker

abilities emerged on Comprehension, Arithmetic, Vocabulary,

and Mazes.

Starting-age 9. Relatively stronger abilities were

shown by Similarities (after a weak start), Picture
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Completion, Block Design, and Coding. Weaker abilities

were shown by Information, Comprehension, Arithmetic,

Vocabulary, and Mazes.

Starting-age 10. Relative strength was apparent

on Similarities and Digit Span throughout the 4-year span

of this starting-age group. Information was relatively

strong for-the first two years, and dropped to a middling

position for the last two years. Relative weakness was

shown by Comprehension, Arithmetic, Vocabulary, Object A -

sembly, and Mazes, with the latter showing some gain in

relative position in the fourth year of the study.

Starting-age 11. Relatively consistent strength

was shown by Similarities and Digit Span, as well as Pic-

ture Arrangement after a weak start. Relative weakness

was shown by Comprehension, Arithmetic, Vocabulary (after

a relatively strong start), and Mazes.

Starting-age 12. Relative strength was shown by

Similarities, Digit Span, and Coding. Relatively weaker

abilities were shown by Information, Comprehension, Vocab-

ulary, and Mazes which gained slightly in the fourth year.

Arithmetic showed a sudden drop after a strong start, and

-regained a moderately strong level in the fourth year.

In each of the starting-age groups, Performance

subtests showed relative strength, with possible excep-

tions of variable levels in Object Assembly and Mazes.
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Verbal_Scale subtests, with the exception of Similarities

and, to some extent, Digit Span, showed relative weakness.

These cognitive patterns were,relatively consistent through-

out the four years of longitudinal observation.

Verbal-Performance Scale Differences

Although the data presented no clear indication

through the inspection of Verbal and Performance Scale IQ

means in Tables 68-74 of any major Verbal-Performance IQ

discrepancies, the scores were nevertheless subjected to

t test analyses for differences within each of the 7

starting-age groups during each of the 4 years of longi-

tudinal study. Table 78 presents a summary of the means,

differences, t values, and probability levels obtained.

Since verbal abilities are often reported as exceeding per-

formance abilities in brain damaged children, it is per-

tinent to observe that no significant discrepancies were

found in any of the comparisons. Further analysis was

pursued on the possibility that the lack of statistical

significance might have obscured large individual differ-

ences obtained in opposite directions. Accordingly,

tallies were made of discrepancy values, in either direc-

tion, of 0, 1 through 9, 10 through 19, 20 through 29,

and above 29 points, for each of the four years within elch

of the seven starting-age groups. Table 79 presents a

summary of these findings. Overall comparisons revealed
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Table 78

Verbal-Performance Scale IQ Discrepancies Within Each

Starting-Age Group, Four-Year Longitudinal Span

Age
Group Age D t_ a

6 6 -0.32 -0.15 <.20
N = 25 7 -2.60 -1.20 <,20

8 -3.44 -1.66 <.20 >.10
9 -2.88 -1.26 <.20

7 7 -0.35 -0.14 <.20
N = 26 8 0.19 0.07 <.20

9 -2.35 -0.68 <.20
10 -1.85 -0.58 <.20

8 8 -2.23 -0.80 <.20
N = 22 9 -3.68 -1.59 <.20 >.10

10 0.77 0.26 <.20
11 1.41 0.42 <.20

9 9 -3.04 -1.43 <.20 >.10
N = 25 10 -2.04 -0.90 <.20

11 -4.08 -1.88 <.10 >.05
12 -4.04 -2.02 <.10 .05

10 10 5.04 1.95 .10 >.05
N = 27 11 5.07 1.75 <.10 >.05

12 3.04 1.02 <.20
13 0.81 0.32 <.20

11 11 4.66 1.88 <.10 >.05
N = 29 12 3.10 1.32 <.20 >.10

13 -2.45 -0.94 <.20
14 -3.76 -1.25 <.20

12 12 4.78 1.65 <.20 >.10
N = 23 13 -0.83 -0.30 <.20

14 -0.91 -0.29 <.20
15 -2.35 -0.65 <.20

Note. Negative values in D column indicate that Verbal
Scale is lower than Performance Scale IQ.
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Table 79

Distribution of Verbal-Performance Scale IQ Discrepancies:

Number of Children at Each Discrepancy Level Within Each Starting-Age Group

Startin -A e Grou s

Difference 6 7 8 9 7 8 9 10 8 9 10 11 9 10 11 12 10 11 12 13 11 12 13 14 12 13 14 15

V>P>+29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 2 0 0 0 2 0 0 2

+20 to +29 0 1 0 0 1 2 2 1 1 0 2 3 0 1 1 0 6 5 5 3 1 2 1 3 1 2 2 1

+10 to +19 2 0 3 3 4 6 4 5 2 3 3 4 2 4 3 1 2 3 2 4 8 6 5 4 4 2 3 1

+1 to +9 11 12 5 6 9 6 7 6 7 5 8 6 8 4 5 7 8 9 7 6 8 11 5 4 6 6 6 2

V = P 0 1 0 1 2 0 1 1 1 1 0 0 0 1 2 1 2 0 0 0 1 0 2 1 1 0 0 0 2

P4 -1 to

-9 9 6 10 8 7 5 7 8 5 8 4 3 8 8 7 8 7 4 6 7 7 3 8 6 7 8 6 10

-10 to -19 0 4 5 4 2 3 1 3 4 5 4 4.3 4 6 5 4 4 3 5 1 3 5 5 2 4 3 1

-20 to -29 1 2 1 2 3 1 1 0 1 1 1 3 2 2 2 0 0 3 1 2 2 3 5 1 1 2 4

>-29 1 0 0 0 0 2 3 2100 0 0 0 0 010 0 0 0110010

Note. Negative vilues in Difference column indicate that Verbal Scale is lower than

Performance Scale IQ.
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about as many instances of Verbal greater than Performance

as Performance greater than Verbal, in general accordance

with the lack of statistical significance obtained. When

observation was addressed to the larger discrepancies, in

the intervals of 20 through 29 points and above 29 points

combined, it was found that Performance IQ exceeded Verbal

IQ in 4 of the 7 starting-age groups, in starting-age

groups 6, 7, 9, and 11 years. There was no difference in

incidence in 2 of the starting-age groups, at 8 and 12

years. There were frequent instances of Verbal greater

than Performance IQ throughout the 10-year starting-age

group: There was an atypically large number of children,

amounting to some 22% of the group, who showed large dis-

crepancies in the direction of Verbal greater than Per-

formance IQ.

Nevertheless, when the data concerning the larger

discrepancies were subjected to chi-square analysis for

all the starting-age groups combined, no significant dif-

ference was obtained for the comparison of Verbal-Performance

IQ discrepancies: x
2
(1) = 0.42, 2 between .50 and .75.

When the 10-year etarting-age group was separated from the

analysis, a comparison of the larger discrepancies in the

rest of the starting-age groups showed that the incidence

of Performance greater than Verbal IQ was clearly signifi-

cant: x
2
(1) = 5.81, 2 between .025 and .010. However,
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these discrepancies were confined to a relatively, small

proportion of the children, a median of 8% where there

were large differences in the direction of Performance

greater than Verbal IQ, as compared with a median of 4.5%

of the children where large differences were obtained in

the opposite direction.

Discussion

One of the major findings of this longitudinal

study concerns the relative stability over time of the

intellectual status and cognitive development of brain

damaged children. The relative stability observed in the

present study represents a finding not previously available

from systematic, longitudinal research with neurologically

impaired children, although intellectual growth stability

has been repeatedly observed in the more widely reported

literature on developmental longitudinal studies of normal

children. Althouah the present study focuses directly on

the longitudinal comparisons within each starting-age

group, it is notable that a similar characteristic of

stability is present in all the starting-age groups.

Indirectly, this finding from longitudinal comparisons

suggests that a similar, albeit cross-sectional, type of

inference can be made regarding the age span of 6 through

15 years, to the extent that the children who overlap in
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age in the separate starting-age groups are comparable in

. their intellectual status. Although cross-sectional

characteristics_of_the_data were_ not examined in the

presently reported study, it seems clear that this addi-

tional comparison would be of substantial pertinence

because of the increased.numbers of children available at

each level in further analyses of these data.

To the extent that some variations are present for

the overall levels of cognitive abilities over time, the

more frequent upward than downward trends appear supportive

of the inference that brain damaged children, at least

during the elementary years, are able to maintain ante-
,

cedent levels of growth and are also capable of acceler-

ating in certain areas. The concentration of gains in the

predominantly non-verbal subtests in the older age groups

is suggestive of benefits from practice with repeated

administration on tasks where repetition might be expected

to give access to correct solutions, particularly with

Coding and Mazes where mean scores accelerated more often

than on other non-verbal subtests.

Although marked variation is known to exist, there

is agreement in the literature'that certain characteris-

tics are more prevalent in brain injured than in non-brain

injured children. In this context, dysfunctions in visual-

motor, sensory areas are widely reported. Thus, the upward
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trend (even if explained in terms of practice effect) of

some of the perceptual-motor tasks observed in the present

study seems- unexpected and raises question about the

typicality of the more widely reported findings to the

contrary (Birch, 1964; Clements and Peters, 1962; Coleman

and Dawson, 1969; Ernheart et al., 1963; Smith, 1962;

Wender, 1971).

The upward trend in the verbal subtest, Similar-

ities, which was present in 4 of the 7 starting-age groups

is less suggestive of practice effect and seems even more

at variance with typically reported 'characteristics of

brain damaged children who are repeatedly described as

having difficulty in abstracting (Hall and LaDriere, 1969).

Neither are the downward trends observed in some of the

verbal subtests, Comprehension, Vocabulary, and Arithmetic,

with the possible exception of the latter, in keeping with

the literature describing verbal deficits in brain damaged

children. However, the overall findings of unexpected

upward and downward trends may be in greater accordance

with a growing body of findings which suggest that indi-

vidual subtest scores, as those on the WISC, do not ade-

quately differentiate brain damaged from normal children,

or emotionally disturbed children, or both (Bortner and

Birch, 1970; Caputo et al., 1963; Rowley, 1961; Schwartz

and Dennerll, 1970). The heterogeneity of etiology to be
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found in most brain damaged children available for study--

heterogeneity for such variables as age of onset, site of

lesion, diffuse or focal characteristics, areas of func-

tioning affected, and severity of deficit--all these

factors continue to foster ambiguous findings with regard

to a set of specific characteristics of this group, with

obvious repercussion for making inferences about growth

of specific abilities.

It should be generally emphasized that the highly

specific growth characteristics reported here are the ex-

ception to the more general growth trends observed, namely,

overall stability of intellectual development from one

age to the next. The longitudinally based observation of

relative consistency in weakness and strength of subtest

patterning at slight variance with findings reported

earlier by Bortner and Birch (1970) in their cross-sectional

study of a similar population-of brain damaged children

where considerably more variability was observed, The

relatively consistent patterning of subtest scores in the

present study, with verbal subtests showing relative weak-

ness, and performance subtests showing relative strength,

suggests differences from the expected profiles of brain

damaged children. This is especially important where the

reported group data on mean values may obscure certain

large discrepancies in either direction. Although confined
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to a small proportion of the children observed, the sub-

stantial size of these discrepancies again supports the

growing findings of heterogeneity in such children.

In general, the absence of findings of age-

specific patterns, and instead the more general observa-

tion of relative stability in overall intellectual growth

of the brain damaged children with some unexpected

patterning of strengths and deficits suggests that implica-

tions for educational or remedial strategies cannot yet

be validly defined. Although_the findings of relative

stability in cognitive development are suggested by the

study data, this inference should be viewed with caution

and is not yet a base for optimism.
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Chapter 5. Related Literature

Educational provisions for the educationally

handicapped learning disabled are unc.,ergoing change, but

the character of the change is uncertain (Gallagher,

1971). The situation is.complicated by the evidence that

neither regular classes nor self-contained special classes

have prov a,d an adequate education for the educable

mentally retarded (Dunn, 1968; Goldstein, Moss, and Jordan,

1965).

Dunn (1968), calling for a better education for

children with mild learning problems, recommended abolish-

ing the practice of grouping children on the basis of dis-

ability labels, mainstreaming slow learners, and develop7

ing prescriptive programs as alternatives to traditional

curriculum practices. In the same vein, Gallagher (1971)

recommended that alternatives to catego[.ing children

with educational handicaps be developed, and support

systems be established. Lilly (1971) has suggested that

policies be adopted which would make it impossible to re-

move the mildly educationally handicapped child from.the

regular classroom. In this model the special educator

would provide support services and special training to the

regular classroom teacher.

167
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Other individuals, equally cognizant of the defi-

ciencies of the self-contained special class, call atten-

tion to the fact that until recently, education has not

really committed major resources to the development of

needed curriculum and instructional systems specific to

the needs of the mildly educationally handicapped

(MacMillan, 1971).

What is the evidence on which educational changes

are to be based? Some (McCarthy and Scheerenberger, 1966)

have characterized the research evidence as ambiguous.

Some of the ambiguity of the research can be attributed to

the failure of researchers to control content, instruction,

child, and teacher variables. Until such time as there is

control of these important variables, a solution to the

problem of what changes to introduce into classroom organ-

ization, instruction and curriculum is unlikely.

Before effective change in educational provisions

for the learning disabled can. be developed, research' will first

have to identify those characteristics within this popula-

tion which are educationally relevant (Reynolds and Balow,

1971). After this is' accomplished, experiments with dif-

ferent administrative models, curricula, a;'.4 instructional

strategies can then be profitably conduted (Spicker and

Bartel, 1968).

One important aspect of current attempts to identify

educationally relevant characteristics of the retarded and
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learning disabled is the concern with mental ability pro-

files. Mental ability profiles of the retarded have been

compared with those of the non-retarded, and different

underlying patterns of mental organization have been

reported (Alderdice and Butler, 1952; Baumeister and

Bartlett, 1962b; Belmont, Birch, and Belmont, 1967;

Clausen, 1966; Meyers, Dingman, Orpet, Sitkei, and Watts,

1948). Some workers have reported mental ability profiles

associated with mental retardation in general (Baroff,

1959; Sandercock and Butler, 1952; Vanderhost, Sloan, and

Bensberg, 1953), others have identified specific profiles

associated with different sub-categories of the retarded

(Alper, 1960; Anderson, 1964; Baumeister and Bartlett,

1962a; Beck and Lam, 1955; Birch, Belmont, Belmont, and

Taft, 1967; Di Carlo, 1958; Newman and Loos, 1955), and

still others have been unable to confirm the existence of

such profiles (Fisher, 1960; Gallagher, 1957).

The existence of reliable mental ability profiles

which would differentiate subgroups of retarded and learn-

ing disabled children has important implications for the

development and implementation of provisions for these

children. Discovery of such characteristics would raise

important questions about current practices in the place-

ment, curriculum, and teaching provided for the education-

ally handicapped. For example, Clausen (1966) has stated
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that, if retarded children exhibited reliable mental

ability profiles, then perhaps they could be grouped more

effectively with educational programs designed to meet

their specific needs. In the same vein, Guilford (1959)

has suggested that if mental ability patterns czln be

identified they can be ameliorated. Indeed, it has even

been suggested that highly specific educational strategies

can be designed on the basis of these profiles (Meeker,

1969). Similar views have been expressed by others

(Belmont, Birch and Belmont, 1967; Di Carlo, 1958; Galla-

gher, 1957; Sabatino and Hayden, 1970). Despite these

expectations, detailed data regarding the actual nature of

the mental abilities which characterize the mentally re-

tarded and the learning disabled is still largely absent

(Belmont, Birch, and Belmont, 1967; Benton, 1964).

What is the educational significance of mental

ability patterns for the learning impaired? According to

Mann (1971) , research interest in these patterns is based

on the twin assumptions that such characteristics as per-

ceptual adequacy underlie and are basic to academic

achievement, and indeed that they are susceptible to

training. However he doubts that either assumption is

true. On the other hand, according to Bortner (1971) knowl-

edge of these patterns will permit the pertinent structur-

ing of instruction to maximize the child's strengths, the
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hi'erarchical ordering of instructional objectives to coin-

cide with the child's emerging competencies, and, if

necessary, justify and provide a rational basis for the

modification of educational objectives.

In part, the concern with patterns of ability stems

from doubts about the educational utility of labels, such

as "educable mentally retarded" (EMR) and "neurologically

impaired" because they have failed to reveal educationally

relevant differences (Kirk, 1964). Similarly, Gallagher

(1966) concluded that such labels do nothing better than

describe vague entities, and that they certainly have not

led to any clear-cut educational strategies.

What ar4 some of the findings as they relate_to the

notion of ability profiles? Some workers have reported

that the mentally retarded have more difficulty with

verbal tests than with performance tests. E.g. Sandercock

and Butler (1952) reported a trend in the direction of

WISC Performance Scale superiority but cautiously concluded

that it was not yet possible to establish a definite pat-

tern for the mentally defective group. Vanderhost, Sloan,

and Bensberg (1953) studied the performance of the mentally

retarded on the WISC and reoorted the Performance Scale IQ

to be higher than the Verbal Scale.

Baroff (1959) analyzed the performance of mentally

retarded children on the WISC. He reported that 45 percent
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ot the subjects exhibited a WISC Subtest profile in which

the Block Design and Object Assembly Subtests were the

least difficult ard the Similarities Subtest most difficult.

In general, he inferred a trend in these children to score

higher on the Performance Scale than on the Verbal Scale.

Fisher (1960) failed to confirm Baroff's findings.

He reported that only 8 percent of his mentally retarded

sample exhibited WISC Subtest profiles in which the Object

Assembly and Block Design Subtests were the easiest and

_the Similarities Subtest the most difficult. Instead, his

results indicated that the Picture Completion and Object

Assembly Subtests.were the least difficult and the Arithme-

tic Subtest was the most difficult.

A number of workers have compared themental ability

profiles of different categories of retardates e.g., endo-

genous and exogenous. According to Benton (1964) there is

general agreement that Performance scale sores are at

least equal to and usually higher than Verbal Scale scores

in retardates of familial or undifferentiated

Alper (1960) compared the mental abilities of brain

damaged and non-brain damaged mentally retarded subjects.

The non-brain damaged group obtained higher scores on the

Performance Scale than on the Verbal Scale; the brain

damaged group performed eqvally well on both scales.

Alper concluded that different categories of mentally

retarded subjects perform differently on the WISC.
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Newman and Loos (1955) reported that familial

mentally retarded subjects performed better on the Per-

formance Subtests than on the Verbal Subtests of the WISC.

The brain damaged group demonstrated no significant dif-

ference between their Performance Scale and Verbal Scale

IQs.

Beck and Lam (1955) compared the WISC profiles of

so-called organic and non-organic retarded children. They

reported that the organic group had a significantly lower

Performance Scale IQ than Verbal Scale IQ. The non-organic

group obtained lower Verbal Scale IQs than Performance

Scale IQs. Aside from these gross differences, however,

they failed to find a more definitive or descriptive WISC

Subtest profile which characterized either of these two

groups.

Birch, Belmont, Belmont, and Taft (1967) compared

the mental ability profiles of EMR children who had neuro-

logical impairments with EMR children who did not. They

n:Iported that when the subjects were classified into three

groups on the basis of differential neurological findings

the groups were indistinguishable on the basis of Verbal-

Performance differences. Moreover, when the subjects were

reclassified on the basis of medical history (at risk vs.

not at risk), there were still significant differences

between the WISC Verbal and Performance Scales.
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Gallagher (1957) used the Binet to compare the

brain injured and non-brain injured mentally retarded on

mental abilities. Although there were no differences in

overall IQ between the two groups, differences were ex-

hibited on the Digit Span and the Maze Tracing items. He

concluded that the similarities between the brain injured

and non-brain injured groups were more Striking than the

differences.

The mental abilities of the retarded have also been

compared with those of the non-retarded. Belmont, Birch,

and Belmont (1967) reported that the subtest profiles of

retarded and normal children, were qualitatively different.

They factor analyzed the retarded groups' Performance on

the WISC and concluded that mentally subnormal children

not only had lower IQs than the non-retarded but also were

individuals with a different patterning of strengths and

weaknesses.

Myers, Dingman, Orpet, Sitkei, and Watts (1948)

studied the mental factor structure of retarded and non-

retarded children matched for mental ages 2, 4, and 6 years

of age. They reported that the mental organization of

their retarded and non-retarded children were different.

Clausen (1965) reported on patterns in the Primary

Mental Abilities test for three age-consecutive retarded

groups, ranging in age from 8-24 years. The groups showed
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no differences in their subtest patterns when compared with

each other. However, all three retarded groups showed dif-

ferences in pattern when compared with normal children.
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Chapter 6. Relationships of Mental Abilities,

Neurological Signs and Academic

Achievement

There is little information on the importance of

neurological impairment as it relates to intellectual

deficit. Gaps exist between the research evidence con-

cerning the nature of neurological impairments and their

relation to learning on the one hand, and those practices

on the other hand that have been adopted in response to

these impairments and their associated deficienCies..

Studies have appeared which explored the relationship be-

tween neurological characteristics, intelligence, and

achievement (Birch, Belmont, Belmont, and Taft, 1967;

Bortner, Hertzig and Birch, 1972; Edwarcis, Alley, and

Snider, 1971; Freeman, 1967; Gallagher, 1957; Kirk, 1964).

More work is needed to confirm the association of

neurological integrity and academic achievement so that

steps may be taken to develop a rational base for the

development of relevant educational provisions for learning

disabled and/or neurologically kmpaired children. Until

recently it has been commonly assumed that most children

assigned to EMR special classes were free of neurological
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impairments which interfered with learning (Robinson and

Robinson, 1965). This has been shown to be untrue. Beck

(1956) reported the incidence of brain damage among a

sample of mentally retarded children assigned to EMR

special classes. Of the 35% examined, 75 percent of the

children exhibited definite signs of neurological impair-

ment and another 11 percent showed signs that were ques-

tionable. Generalizing from his findings, Beck estimated

that approximately 60 percent of all EMR children would

show evidence_of neurological impairment.

Many authorities have questioned the assertion that

neurological impairment interferes with academic achieve-

ment in reading and arithmetic (Edwards, Alley and Snider,

1971; Gallagher, 1957; Kirk, 1964), and indeed whether

neurological diagnoses are even relevant to educational

management (Grossman, 1966). Despite such reservations,

medical practitioners continue to be asked by many edu-

cators to provide diagnostic and treatment information.

According to Freeman (1967), evidence of neuro-

logical impairment based on present diagnostic techniques

is imprecise. Freeman listed some of the limitations of

clinical neurological examinations as follows:

1. The standards and norms are not well estab-

lished.

2. The interpretation of the observed behavior

is subjective.
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3. Related to number 2 above, the reliability of

the interpretation is low.

4. Some of the observed problems are age specific,

and transient.

Quite aside from the difficulties that attach to

the validity of the neurological diagnosis itself and,

equally important, there is no single neurological sign or

combination of signs that has been shown to be related to

specific learning disabilities (Freeman, 1967; Kirk, 1964).

Moreover, according to Freeman, among those children who

exhibit neurological signs, there is a range of behavior

from complete learning incapacity to complete normality.

Birch, Belmont, Belmont, and Taft (1967) compared

the mental ability profiles of EMR children with and with-

out neurological impairment, and reported that increased

variability in IQ was associated with an increase in the

number of neurological signs. Moreover, the control group

with no evidence of neurological impairment had signifi-

cantly higher IQs than the neurologically impaired,sub-

group who had "hard" signs.

Edwards, Alley, and Snider (1971) studied the

relationship between "soft" signs and academic achieve-

ment. In addition to a control group without impairment

the children were classified either as neurologically and

visual-motor impaired, neurologically impaired only, and

visual-motor impaired only. The various impaired groups
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were not different in their achievement scores from the

control group. The "neurologically impaired only" group

was superior in arithmetic and spelling to the "neuro-

logically impaired, visual-motor" group, and the "neuro-

logically impaired only" group was superior in arithmetic

to the "visual-motor impairment only" group. They con-

cluded that achievement in arithmetic and spelling in EMR

children is associated with visual-motor impairment but

not with neurological signs per se.

There have been research efforts to find mental

ability profiles which distinguish between mentally re-

tarded children who achieve academically and similar chil-

dren who fail to achieve. Anderson (1964) studied the

intellectual organization of mentally retarded adolescents

enrolled in special classes. An achiever was defined as a

child who obtained an achievement score within two months

of his grade expectation based on mental age. An under-

achiever was defined as a child who achieved one year or

more below his grade expectancy based on mental age. The

under-achievers exhibited higher Performance Scale IQs

than the achievers.

Di Carlo (1958) in a similar attempt to identify

factors which differentiate between achieving and non-

achieving mentally retarded children, foulid that the

achievers scored higher on the verbal portions of the PMA
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than on the non-verbal portions. Also, they demonstrated

less variability on the verbal subtests than did the non-

achievers. He concluded that tasks requiring verbal

problem solving and generalization behavior differentiated

those mentally retarded children who achieve from those

who fail to achieve.

Sabatino and Hayden (1970) identified intellectual

factors which discriminated between children with IQs

below 80 and those above 85, both of which groups failed

to achieve satisfactorily in academic work. Despite their

successful discriminations, they concluded that each of

the two groups was too heterogeneous to warrant uniform

educational programming.

The foregoing studies led to the following expecta-

tion: Mentally retarded, neurologically impaired children

who achieve well academically will demonstrate differing

mental ability profiles and neurological impairment pat-

terns than those children who fail to achieve academically.

Subjects and Procedures

The sample was composed of seventy neurologically

impaired children selected from the parent study with a

CA range of 9 to 11 years, and an IQ range of 54 to 85.

The children were classified according to the following

system:
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1. High IQ Reading Achievers

2. High IQ Reading Under-achievers

3. High IQ Arithmetic Achievers

4. High IQ Arithmetic Under-achievers

5. Low IQ Reading Achievers

6. Low IQ Reading Under-achievers

7. Low IQ Arithmetic Achievs

8. Low IQ Arithmetic Under-achievers

The children were assigned to these categories on the

basis of their performance on the Metropolitan Achievemant

Test and the Wechsler Intelligence Scale for Children.

Figure 8 presents the research design.

An achiever was defined as a child who performed

between expected grade level to one year above expected

grade level based on mental age. An under-achiever was

defined as a child who achieved below grade level expecta-

tion based on mental. age. The upper 75 percent of the

achievers and the lower 75 percent of the under-achievers

were selected for this study. Table 80 summarizes the

MAT Reading and Arithmetic achievement scores. Table 81

shows the mean WISC Full Scale, Verbal Scale, and Perform-

ance Scale IQs for the groups.

The high IQ groups consisted of children with WISC

FS IQs ranging from 70 to 85 and the low IQ groups con-

sisted of children with WISC FS IQs ranging from 54 to 69.

This IQ range was selected because it coincided with the
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Fig. 8.--Summary of the research design
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TABLE 80

Achievers and Underachievers: AciOevemeArScores,
Discrepancies and Standard Deviations

Subjects

Reading Achievement

Mean '

Score

, Mean

Disc,

High IQ Reading Achievers

High IQ Reading Under-achievers

High IQ Ati hmetic Achievers

High IQ Arithmetic Underachievers

Low IQ Reading Achievers

Low IQ Reading Under-achievers

Low IQ Arithmetic Achievers

LoW IQ Arithmetic Underachievers

3.09

2.24

2.23

1.95

0,42

-0,95

.o3

.831

:742

j54

.416

Arithmetic ichievement

Mean

Score

3.10

Mean

Disc.
SD

0,45

2.77 -0.42

2.11 I 0.39'

1.60 I .0.28

,889

.834

.606

.443
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TABLE 81

AchieVers and Underachievers: Intelligence Score. Means and Standard Deviations

............_ ..,....._ .........., .. .,.......

Verbal Scale

_.

Performance Scale

Subjects .

Pull Scale

Mean SD Mean SD Mean SD

High IQ Reading Achieven 74,20 4,40 75,13 10,91 77.60 10.31

High Q Reading Under.achievers 78.42 5.19 81;52 8,32 79.00 8.33

High IQ Arithmetic Achievers 75.46 4.92 79,26 9.78 75.73 8.37

High IQ Arithmetic Under-achievers 78,90 7,72 78,52 8.28 81.47 6,94

Low IQ Reading Achievers 63.18 5.34 70.27 6.39 61,81 5.70.

Low IQ Reading Underachievers 65.11 3.60 69.'44 6,51 66 66 7.52

Low IQ Arithmetic Achievers 63,35 4.45 69,71 6,98 63.6 '.61

Low IQ Arithmetic Under-achievers 64.33 3.59 69.83 4.52 64.5() MCI
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IQs of EMR children assigned to special classes and because

some investigators have reported different achievement pat-

terns for high and low IQ retarded samples (Goldstein,

Moss, and Jordan, 1965).

The Reading and Arithmetic Subtests were selected

for analysis because it is believed that they represent

specific academic skills which will relate directly to

educational management and planning.

A clinical neurological examination was given to

each child by the same physician, and consisted of evalua-

tion of the following "soft" signs: Balance, coordination,

speech, double simultaneowl tactual stimulation, icaiscle

tone, choreiatiform movement, gait, imitati-,e movements,

graphesthesias, astereognosis and position sense.

The fonowing statistical procedures were utilized

to analyze differences among the decined groups:

1. The WISC Subtest Scaled Scores were subjected

to an analysis of variance, and the Scheffe

multiple comparison tests. A .003 level of

significance was adopted for the analysis of

variance.

2. Chi square (x
2

) with Yates' correction for

continuity was used to compare the proport-ons

observed neurological soft signs among the

defined group.
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3. The .003 level of confidence was chosen to

guard against alpha errors. While the

probability of making an alpha error for each

hypothesis is .05, the probability of making an

alpha error throughout the experiment is

where c is equal to the number of

hypotheses that are tested (Ryan, 1959) . When

several hypotheses are tested, the significance

level i.e., .05 can be maintained by selecting

a more conservative level i.e., .003. A

standard computer program was employed to

analyze the data.

Results

WISC--Analysis of Variance

T1'1 analysis of variance rejected (p < .003) the

hypothesis of no difference among the defined groups for

the following WISC SL:.btests:

1. InformaLion

2. A±ithMetic

3. Picture Completion

4. Picture Arrangement

5. Object Assembly

6. Block Design

7. Mazes
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The sources of these differences were identified with the

Scheffe multiple comparison test. This test identified

the source of the differences (p < .01) in the Picture

Arrangement, Object Assembly, Block Design, and Maze

subtests. The.fact that the Scheff6 test failed to

identify the source of the differences in the Information,

Arithmetic, and Picture Completion subtests can be at-

tributed to the very conservative nature of the test,

and/or the fact that there are twenty-eight possible

sources of difference among the eight defined groups and

only six of the possible comparisons were studied.

Tables 82-93 summarize the means, standard devia-

tions and analysis of variance for the defined groups on

those WISQ subtests in which the null hypothesis of "no

difference" was rejected and where the Scheffe test was

successful in identifying sources of differences. Tables

82 and 83 present mean scores and F values fcsr the Picture

Arrangement subtest. The Scheffé multiple comparison test

identified the source of the differences among the

defined groups as follows (see Table 84):

1. The High IQ Arithmetic Achievers had higher

WISC P.A. scores than the Low IQ Arithmetic Achievers.

2. The High IQ Reading Achievers had higher

scores than the Low IQ Reading Achievers.
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TABLE 82 188

Picture Arrangement: Means and Standard Deviations for-the Defined Groups

Defined Groups N. Mean
Standard
Deviation

High IQ Reading Achievers 15 7.067 2.489

High IQ Reading Under-achievers 21 7.333 2.532

High IQ Arithmetic Achievers 15 6.933 2.489

High IQ Arithmetic llimi,e-r-a.je;Yers -21 7.524 2.363

Low IQ Reading Achievers 11 4.273 1.911

Low IQ Reading Under-achievers 9 5.333 1.764

Low IQ Arithmetic Achievers 13 4.G00 1.664

Low IQ Arithmetic Under-achievers 5 4.P00 1.327

TABLE 83

Picture Arrangement: Analysis of Varienc,?

Source of Variation df
Sum of
Squares

Mean
Squares

F

Between groups

Within groups

Total

7

102

109

202.344

550.759

753.103

28.9063

5.3996

*
5.353

*.p < .003



TABLE 84

Pict4re Arrangement: Scheffe Multiple Comparrsons

Defined Groups Difference F-Ratio

High IQ Reading Achievers vs.
High IQ Reading Under-achievers -0.2667 0.1152

High IQ Reading Achievers vs.
High IQ Arithmetic Achievers 0.1333 0.0247

High IQ Reading Achievers vs. *

Low IQ Reading Achievers 2.7939 9.1745

High IQ Arithmetic Achievers vs.
High IQ Arithmetic Under-achievers -0.5905 0.5650

High IQ Arithmetic Achievers vs.
Low IQ Arithmetic Achievers 2.9333 11.0978

Low IQ Reading Achievers vs.
Low IQ Reading Under-achievers -1.0606 1.0312

Low IQ Reading Achievers vs.
Low IQ Arithmetic Achievers 0.2727 0.0821

Low IQ Arithmetic Achievers vs.
Low IQ Arithmetic Under-achievers -0.8000 0.4280

* p < .01

285

189



190

TABLE .85

Block Design: Means and Standard Deviafions for the Defined Groups

,

Defined Groups N Mean
Standazd
Deviation

High IQ Reading Achievers. 14 7.786 2.177

-

High IQ Reading Under-achievers 21 7.429 2.362

High IQ Arithmetic Achievers 14 6.714 1.750

High IQ Arithmetic Under-achievers 21 8.190 2.481

Low IQ Reading Achievers 11 5.273 1.355

Low IQ Reading Under-achievers 9 5.778 1.548

Low IQ Arithmetic Achievers 13 5.615 1.595

Low IO Arithmetic Under-achievers 6 5.167 1.344

TABLE 86'

Block Design: Analysis of Variance

Source of Variation df
SUm of .

Squares
Mean

Squares
F

Between groups 7 131.777 18.8253
4.309

Within groups 101 441.248 4.3688

Total 108 573.025

* p < .003
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TABLE 87

Block Design: Scheffe MultiR1e Comparisons

Defined Groups Difference F-Ratio

High IQ Reading Achievers vs.
High IQ Reading Under-achievers 0.3571 0.2452

High IQ Reading Achievers vs.
High IQ Arithmetic Achievers 1.0714 1.8393

High IQ Reading Achievers vs.
Low IQ Reading Schievers 2.5130 8.9042

High IQ Arithmetic Achievers vs.
High IQ Arithmetic Under-achievers -1.4762 4.1898

High IQ Arithmetic Achievers vs.
Low IQ Arithmetic Achievers 1.0989 1.8632

Low IQ Reading Achievers vs.
Low TQ.R.,,q;ng -0.5057 0.28q0

Low IQ Reading Achievers vs.
Low IQ Arithmetic Achievers -0.3427 0.1601

Low IQ..krithqetic Achievers vs.
Low IQ Arithmetic Under-achievers 0.4487 0.1892

.0)
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TABLE 88

Objet AsseMbly: Means and Standard.DeviationS.for- the Defined Groups

Defined Groups N Mean
Standard
Deviation

High IQ Reading Achievers 15 7.133 2.655

High.IQ Reading Under-achievers 21. 6.333 2.189

High IQ Arithmetic Achievers 15 6.133 2.986

High IQ Arithmetic Under-achievers 21 7.524 1.867

Law IQ Reading Achievers 11 4.273 2.004

Low-IQ Reading Under-achievers 8 4.375 2.118

Low IQ Arithmetic AChievers 13 4.846 2.070

Low IQ Arithmetic Under-achievers 6 4.500 1.607

TABLE 89

Object Assembly: Analysis of Variance....

Source of Variation df
Sum of :
Squares

Mean
Squares

F

....._

Between group's 7 155.342 22.1918 -*
4.009

Within groups 102 564.621 5.5355

Total 109 719.963
_

_

p.< .003
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TABLE 90

Object Assembly: Scheffe Multiple Comparisons

Defined Groups Difference F -Ratio

High IQ Reading Achievers v.s.
High IQ Reading Under-achievers 0.8000 1.0117

High IQ Reading Achievers vs.
High IQ Arithmetic Achievers 1.0000 1.3549

High IQ Reading Achievers vs.
Low IQ Reading Achievers 2.8606 .9.3814

High IQ Arithmetic Achievers vs.
High IQ Arithmetic Under-achievers -1.3905 3.0562

High IQ Arithmetic Achivers vs.
Low IQ Arithmetic Achievers 1.2872 2.0845

Low IQ Reading Achievers vs.'
Low IQ Reading Under-achievers -0.1023 0.0088

Low IQ Reading Achievers vs.
Low IQ Arithmetic Achievers -0.5734 0.3539

Low IQ Arithmetic Achievers vs.
Low IQ Arithmetic.Under-achievers 0.3462. 0.0889

* p< .01
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TABLE 91
Mazes: Mean and Standard Deviations for the Defined Groups

Coefined Groups II Mean
Standard
Deviation

High IQ Reading Achievers 15 6.200 2.638

High IQ Reading Under-achievers 21 6.524 2.239

High IQ Arithmetic Achievers 15 5.933 2.081

High IQ Arithmetic Under-achievers 21 6.571 2.280

Low IQ Reading Achievers 11 3.182 1.466

Low IQ Reading Under-achievers 9 5.111 2.131

Low IQ Arithmetic.Achievers 14 3.571 1.720

LAW IQ Arithmetic Under-achievers 6 4.333 1.247

TABLE 92

Mazes: Analysis of Variance

Source of Variation df
Sum of
Squares

Mean
Squares

F

Between groups 7 176.962 25.2803 *

5.269

Within groups 104 499.0b2 1 4.7981

Total 111 675.964_

* p < .003
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TABLE 93

Mazes: Scheffa Multiple Comparisons

Defined Groups Difference F-ratio

High IQ Reading Achievers vs.
High IQ Reading Under-aehievers -0.3238 0.1912

High IQ Reading Achievers vs.
High IQ Arithmetic Achievers 0.2667 0.1112

High IQ Reading Achievers vs.
Low IQ Reading Achievers 3.0182 12.0485

High IQ Arithmetic Achievers vs.
High IQ Arithmetic Under-achievers -0.6381 0.7425

High IQ Arithmetic Achievers vs.
Low IQ Arithmetic Achievers 2.3619 8.4193

Low IQ Reading 'Achievers vs.
Low IQ Reading Under-achievers -1.9293 3.8400

Low IQ Reading Achievers vs.
Low IQ Arithmetic Achievers -0.3896 0.1949

Low IQ Arithmetic Achievers vs.
Low IQ Arithmetic Under-achievers -0.7619 0.5081

* p < .01
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Tables 85 and 86 present the mean scores and F

values for the WISC Block Design subtest. The Scheff6

multiple comparison test identified the source of the

differences among the defined groups as follows (Table

87): The High IQ Reading Achievers had higher WISC Block

Design scores than the Low IQ Reading Achievers.

Tables 88 and 89 present the mean scores and F

values for the WISC Object Assembly subtest. The Scheffe

multiple comparison test identified the source of the

differences among the defined groups as follows (see Table

90): The High IQ Reading Achievers had higher WISC Object

Assembly scores than the Low IQ Reading Achievers.

Tables 91 and 92 present mean scores and F values

for the WISC Mazes subtest. The Scheffe multiple compari-

son test identified the source of the differences among the

defined groups as follows (see Table 93) : 1. The High IQ

Reading Achievers had higher WISC Maze scores than the Low

IQ Reading Achievers. 2. The High IQ Arithmetic Achievers

had higher scores than the Low IQ Arithmetic Achievers.

Neurological Status--Chi Square Analysis

Comparisons were made between all possible pairs

of defined groups to-determine whether any single neuro-

logical sign differentiated one group within a given pair

from another. A Chi Square analysis was used to compare

the frequencies of the observed neurological signs among
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the defined groups. None of the comparisons reached the

required level of'significance (p < .003) , and the null

hypothesis of "no difference" between defined groups was

not rejected. Therefore, it cannot be inferred that the

presence-Of any of these neurological signs in a child

directly influenpes his academic functioning.

In summary, the findings are:

1. High IQ Reading Achievers differ from Low IQ

Reading Achievers in mean scores on the fol-

lowing WISC Subtests: Picture CoMpletion,

Picture Arrangement, Block Design, Object As-

sembly, and Mazes. The High IQ group had

higher scores than the Low IQ group.

2. High IQ Arithmetic Achievers differ from Low

IQ ArithmetiC Achievers on the following WISC.

Subtests: Arithmetic, Picture Completion,

Picture Arrangement, And Mazes, but the Scheffe

multiple comparison test was only able to

identify where the differences existed for the

Picture Arrangement and Mazes Subtests. The

High IQ group had higher mean scores thanthe

Low IQ group.

3. The various defined groups do not differ from

each other in the frequency with which soft

neurological signs occur among them.
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In summary, the results of this investigation

failed to show that High IQ and Low IQ children who

achieve relatively well in reading and arithmetic differ

significantly in mental abilities from similar children

who under-achieve. The High IQ Achievers do differ sig-

nificantly from the Low IQ achievers on the following WISC

Subtests: Picture Arrangement, Block Design, Object As-

sembly and Mazes. The High IQ Achievers do better on

these subtests. Moreover, the various defined groups are

not different from each other with respect to the number

of soft neurological signs present.
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Chapter 7. Age-Specific Relationships of

Neurological Signs and Intellectual

Status

Introduction

Since the 1940's when the idea was first advanced

that certain mentally retarded children could be dis-

tinglished from others on the basis of "brain damage"

(Strauss and Lehtinen, 1947) this label has acquired wide

clinical usage and has come to be applied to increasing

numbei4 of aberrantly functioning children for whom the

labels, mental retardation, deaf, and emotionally dis-

turbed, are inappropriate. The research dealing with these

children reveals that a variety of new labels are now

being applied to these children which include "learning

disabilities" (Kirk, 1963), "psychoneurological learning

disorders" (Myklebust, 1968), and "minimal brain dys-

function" (Clements, 1966). A common factor among the

children so designated is the fact that they suffer from

major learning difficulties, thus suggesting the need for

inquiring into their cognitive status.

In consequence, although these children exhibit

a diversity of problem's most workers have emphasized

199
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psychological factors and school achievement, and little

attention has been focused on the neurological status of

these children. In fact, the most recent term "minimal

brain dysfunction" was selected precisely to "avoid

(italics mine) the implication that all individuals with

this group of symptoms necessarily have demonstrable brain

damage" (Chalfant and Scheffelin, 1969). The suspicion

has grown, therefore, that these children do not really

have neurological damage, or that'if they do it is subtle

and not readily objectified. Following this lead, many

parents have stated a preference for the term "learning

disabled" over the term "brain damaged." The latter has

somewhat more permanent implications. There is, therefore,

an absence of systematic information on the neurological

status per se of these children. In addition, there is a

need to relate this information to their intellectual

status.

A comprehensive evaluation of these children's

neurological status would proceed from the use of 'differ-

ent assessment procedures, and should include 1. evidence

of risk, 2. clinical examination and 3. electroencephalo-

graphy. If such information were then related to the

intellectual, behavioral, emotional and academic achieve-

ment of the children, links between organic pathology and

behavioral disorders could be established. The present

study is limited to the use of the clinical examination.

296



201

Recent evidence based on the data from the parent

study of which this is a part (Hertzig, Bortner and

Birch, 1969) has demonstrated that a group of children.

administratively and educationally designated "brain

damaged" did indeed demonstrate clear evidence of

central ne,-vous system abnormality. Moreover, the neuro-

logical status of these children was related to certain

aspects of their intellectual status.

The present report addresses itself to the issue

of identifying the clinical neurological characteristics

of school-age ch'.1dren who were diagnosed as "brain

damaged" and who were attending a special school-designed

for the education of such children. This report focuses

on the following questions: 1. What are the neurological

signs and patterns of signs obServed in children educa-

tionally designated as "brain damaged"? 2. How do these

-findings compare with a sample of age matched normal con-

trols? 3. What is the frequency of hyperkinesis in brain

damaged children, and what is the relation between hyper-

kinesis and presence of neurological signs? 4. What is the

intelligence status of these children as a group and on an

age-specific basis? and 5. What are the inter relations

between neurological signs, hyperkinesis and intellignece?
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Subjects

The subjects of this study included 198 subjects

who were educationally and administratively designated as

brain damaged, and 36 children in normal school placement

who served as controls. The age range of the total group

of children was from 8 through 12 years of age.

The special school for brain damaged children

from which the present sample was drawn serves an entire

suburban county which includes 56 school districts and a

total of approximately 350,000 children. For the purposes

of the larger project from which the present study stems,

different ige groups were neurologically examined in one

of three successive years. That ith, in the first year of

the study, children aged 10, 11 and 12 years were seen; in

the second year children aged 9 and a second group of 10

year old children were seen, and in the.third year children

aged 8 and a second group of 9 year old children were seen.

This resulted in the following distribution of children:

Age 8 N=26, Age 9 N=56, Age 10 N=56, Age 11 N=30, and

Age 12 N=30.

The screening procedures at the school for brain

damaged children was in accordance with the county policy

that the clinical diagnostic category be the most relevant

label applicable. To this end, children who exhibited

both learning and/or behavior difficulties were assigned
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to this school rather than a school for the emotionally

disturbed or the educable retarded when a qualified neu-

rologist submitted a report describing positive evidence

of neurological impairment. To be sure, such evidence was

not uniform and relied variously on 1. history, 2. the

clinical neurological examination and 3. electroencephalo-

graphy. Since the evidence could come from any one of

these three sources, some children came to the school with

a history of seizures, others with pathological reflex

status, others with positive EEG, and still others with

some combination of these signs. Of course, all children

came with a history of difficulty in school achievement

since this always constituted the original basis for re-

ferral. After the initial referral which could emanate

from any school in the county, this school conducted its

own educational, psychological and social evaluations

which resulted in the rejection of those children who were

psychotic or seriously emotionally disturbed.

There were 148 boys and 50 girls in the study

sample. The male-female ratios were approximately 3 to 1

at each age level. The thirty-six control children (5

children at'each age level, 6 at age 9) were selected from

a regular educational facility in the same county, and

were similar to the subjects with respect to social class

and ethnic origin. The social class status of the fami-

lies whose children attend this school has been described
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in detail elsewhere (Bortner and Birch, 1970) bu:t can be

summarized briefly here as having representation at all

levels with a predominance in the middle class.

Methods

Each child was given a clinical neurological ex-

amination during school hours. Interspersed among the

subjects were the 36 children who attended a regular

school and who served as controls. The examiner did not

know whether a given child came from the special school

or the regular school.

The neurological evaluation was limited to a

clinical examination and included the study of cranial

nerve intactness, reflex organization and the presence of

pathological refle-xes, muscle strength and tone, balance

and gait, motor coordination and sensory organization.

In addition, the examinatiOn included measures designed to

provide information about responses to double simultaneous

tactile stimulation, the presence or absence of adventi-

tious motor overflow, the ability to engage in imitative

motor activity as well as clinical assessment of speech

and language functions and behavioral organization.

The nature of this examination was described in

detail in an earlier publication (Hertzig, Bortner and

Birch, 1969) and thus will be only briefly re-stated here.
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In general, two types of abnormality were separately

considered in the evaluation of the neurologic findings.

The first tlipe, to be referred to as "hard signs," repre-

sented findings that have been classically employed in

neurologic diagnosis, and include abnormalities in reflex,

cranial nerve and motor organization, lateralized dys-

functions, and the presence of pathological reflexes.

The second variety of abnormal findings consisted

'of what were called "soft signs" of cerebral dysfunction

(Clements and Peters, 1963; Rutter, Graham and Yule, 1970;

Wikler et al., 1970) and included language and speech dis-

turbances that fell short of frank aphasia and dysarthria,

clumsiness as reflected in inadequacieS of balance, coor-

dination, and gait, the presence of adventitious motor

overflow, difficulties in the execution of fine motor imi-

tative movements, manifestations of extinction to double

simultaneous tactile stimulation, and inadequate graphes-

thetic and stereognostic responses.

In addition to the identification of hard and soft

signs, the behavior of the child was evaluated with

respect to the presence of hyperkinesis. It was recog-

nized that this disorder, frequently identified with brain

damage in children, is a complex set of behaviors and sub-

sumes high activity, poor attention, and impulsive be-

havior. Note was made when a child appeared to be ex-

cessively restless, when it was necessary to devise
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special techniques to retain a child's attention, the need

to repeat directions, and the need to actively prevent the

child from engaging in extraneous activities. On the

basis of such observations, a clinical judgment was made

at the conclusion of each examination as to the presence or

absence of hyperkinesis. The judgment was based upon the

extent as well as the number of the above described symp-

toms. Thus, the child who demonstrated many or only one

of the above disturbances to a marked degree was classi-

fied as hyperkinetic.

The findings on clinical neurologic examination

made it possible to classify cases as: (1) Cases with

"hard" signs whose disturbances constituted an identi-

fiable classical neurologic syndrome, (2) Cases in whom no

identifiable classical syndrome were present, but in whom

"soft signs" of central nervous system dysfunction were

found, (3) Cases in whom no abnormal findings of either

type were observed.

Clearly the presence of a neurologic syndrome such

as.spastic hemiplegia does not exclude the possibility

that the child can also have "soft signs" of central

nervous system dysfunction. However, in such cases,

primary classification was based upon a consideration of

the major handicap. Thus, a disturbance of gait in a hemi-

plegic child was viewed as a reflection of his hemiplegia

and not considered to constitute an additional soft sign.
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In addition to the neurological examination each

child was administered the Wechsler Intelligence Scale for

Children. Neurological sub-groupings could thus be com-

pared with respect to levels and patterns of intelligence.

Results

Neurological Status

Forty-two children (21%) of the children educa-

tionally and administratively designated as "brain damaged"

did indeed have "hard signs" of central nervous system ab-

normality. The various neurological syndromes repre-

sented among all these ch are shown in Table 94.

Residual hemiplegia (right and left) was the most fre-

quently observed syndrome, 30 (71%) of the 42 cases with

hard signs classified as such. The remainder were dis-

tributed among a variety of plegias and athetosis. In

all cases the motor impairment was mild.

The findings in the control group of children were

very different. None of these children had any hard signs

which would have resulted in their being classified as

having the neurological syndromes that were characteristic

of a little more than one-fifth of the study sample. These

results are shown in,Table 95. As this table shows, hard

signs rarely occurred in the absence of soft signs; only

4 children (2%) fell into this category. On the other
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Table 94

Distribution of Syndromes

Neurologic Syndromes 8 9

Age in Years

10 11 12 Total

Residual Quadriplegia 0 0 0 2 1 3

Resident Diplegia 0 0 1 1 0 2

Residual Hemiplegia (L) 2 5 2 3 5 17

Residual Hemiplegia (R) 2 3 4 2 2 13

Residual Monoplegia 1 0 1 1 1 4

Athetosis 0 0 1 1 1 3

Total 5 8 9 10 10 42
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Table 95

Frequency of Different Types of Syndrome

Neurologic Syndrome

Hard Signs Hard & Soft Soft Signs No
Only Signs Only Signs Total

Subjects 4 38 148 8 198

Controls 0 0 13 23 36
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hand, 148 children (75%) showed soft signs only. When

children with both hard and soft signs are combined, 190

children or 96% of the total sample had one or more signs

of primary neurological dysfunction. This figure is con

sistent with previous findings reported for a smaller

sample (Hertzig, Bortner & Birch, 1969) in which 94% of 90

children educationally designated as brain damaged were

found to have similar evidence of CNS dysfunction.

Of those children with soft signs only, we may now

indicate the number of signs which characterized different

children. In Table 96 it can be seen, e.g. that of the 148

children who had only soft signs, 19 children (13%) had

only one sign, 24 children (16%) had three signs, and 14

children (9%) had, respectively, as many as six, seven or

eight signs.

Findings in the normal control children were in

marked contrast to those reported for the educationally

designated brain damaged children, with 64% of the controls

showing no neurological signs, with only two children

(6%) showing as many as two:iigns and the remainder showing

only one sign.

An age specific analysis of the distribution of

soft signs associated with each age level in children

without hard signs is shown in Table 97. In order to test

the relationship between age and number of soft signs, a
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Table 96

Number of Soft Signs in Children Without Hard Signs and in Controls

Number of Soft Signs

0

1

2

3

4

5

6

7

8

9

10

II

Subjects Controls .

(N=156) (N=36)

8 23

19 11

16 2)

17

20

14

14

14

7

2

1
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Table 97

Age Specific Distribution of Number of Soft Signs

in Children without Hard Signs

Number of Soft Signs Number of Subjects
Age 8 Age 9 Age 10 Age 11 Age

1 1 3 0 3

1 1 5 4 6 3

2 3 5 5 1 2

3 3 9 6 1 5

4 1 5 7 2 2

5 2 6 5 5 2

6 4 4 4 1 1

7 2 6 4 1 1

8 3 5 6 0 0

9 1 2 2 2 0

10 0 0 1 1 0

11 0 0 0 0 1

Total 21 48 47 20 20
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Pearson coefficient of correlation was calculated between

these two variables in the soft-sign group of children

which confirmed a non-significant relationship (r = -.169)

between age and number of soft signs.

In Table 98 it can be seen that the most frequently

occurring soft signs among children without hard signs

involved disturbances in the ability to discriminate

double simultaneous tactile stimulation (DSS), coordination

and balance. The least frequent sign was an abnormality

of position sense.

When the distribution of soft signs was analyzed

according to age, as in Table 99, it was seen that DSS,

coordination, balance and tone were the most frequently

occurring signs at all ages. In order to determine whether

the patterns of signs were essentially similar at the

various age levels, the frequency of the soft signs were

ranked for every age level,and Spearman correlations between

pairs of age levels were calculated. The correlations

were significant for most pairs of age levels suggesting

that the patterns of soft signs were not different from

each other at these ages. Howeven, when the pattern of

soft signs at age 8 was compared with the pattern of soft

signs at ages 10, 11 and 12, the coefficients of correla-

tion were respectively only .366, .098 and .193. Since

these correlations were not significant, it was concluded

309



f

Table 98 214

Nature of Soft Signs in Children Without Hard Signs

Soft Sign Number

Children

Percentage

N=156

DSS 95 60.9

Coordination 92 . 59.0

Balance 83 53:2

Tone 73 46.8

Speech 64 41.0

Choreatiform Movement 6V 39.1

Graphesthesia 60 38.5

Gait 59 37.8

imitative Movement 53 34.0

Astereognosis 35 22.4

Position Sense 4 2.6

No Soft Signs 8 5.1

31.0



Table 99

Nature of .Sof.t Signs in Children without Hard Signs: Age Specific

Age 8 Age 9 Age.10 Age ii Age 12

oft Sian # of Ss '% Rank # of Ss % RaNk # of Ss % Rank # of Ss % Rank # of Ss % Rank

SS 16 76.2 1. 32 66,7 1 30 63,8 2 8 40,0 6 9 45,0 2

oordination 13 61.9 2 30 .62,5 2 31 66,0 10 50,0 4 ,8 40,0 3

alance 8 38,1 8 24 50,0 4 26 55.3 . 3 13 65,0 2 12 60,0 1

one 10 47,6 4,5 26 54,2 3 20 42,6 6 14 70,0 1 3 15,0 8,5

peech 7 33.3 10 16 33,3 9 23 48,9 4 11 55,0 .3 7 35.0 5

horeatiform 8 38.1 8 18 37,5 7 19 40,4 7 9 45,0 5 7 35,0 5

Movement

raphesthesia 12 57,1 3 22 45,8 5 18 38,3 8 5 25.0 8 3 15.0 86

alt. 8 38;1 8 17 35,4 8 21 44,7 5 6 30.0' 7 7 35,0

milative 9 42,9 6 19 39.6 6 15 31,9 9 4 20,0 9,5 6 300 7

Movement

snreognosis 10 47,6 4.5 11 22,9 10 9 19,1 10 4 '20.0, 9,5 1 5.0 10,5

tsition Sense 0 0 11 1 2,1 11 2,1 11 5.0. 11 1 5,0 10.5
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that the pattern of soft igns associated with age 8 was

different from that foundat the later ages of 10, 11 and

12 years.

Of the 198 children studied, a total of 39 children

were found to have hyperkinesis compared to 159 who did

not show signs of hyperkinesis. Of the children who had

hard signs, approximately the same proportion of children

were hyperkinetic as were not hyperkinetic. (The chi

square of .295 was not significant.) However, soft signs

were found with greater frequency in hyperkinetic children

than in non-hyperkinetic children. The mean number of

soft signs in the hyperkinetic group was 5.31 compared to

4.08 for the non-hyperkinetic group. This difference was

signifiCant (t = 2.48). Thus, in this group of brain

damaged children, hyperkinesis appeared not to be associated

with the presence or absence of hard signs. On the other

hand, hyperkinesis did seem to be accompanied by a general

increase in the number of soft signs of central nervous

system dysfunction. Finally, the age distribution of hyper-

kinetic children (see Table 100) suggested that hyper-

kinesis is found most frequently among the youngest

children (age 8).
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Age Specific Distribution of Children with and without Hyperkinesis

Age in years
Hyperkinesis No Hyperkinesis

Number of
Subjects Percentage

Number of
Sub'ects Percentace

8
30.8 18 69.2

9 8 14.3 48 85.7
10 15 26.8 41 73.2
11

5 16.7 25 83.3
12

3 10.0
.27 90.0
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IntelliTence Status

The mean Verbal, Performance and Full Scale IQs

for the total group were in the borderline range of intel-

ligence, as may be seen in Table 101. Table 101 also pre-

sents IQ status for the children on an age-specific basis.

Analysis on an age-specific basis revealed strikingly

little variation in ability at different age levels, with

Verbal, Performance and Full Scale IQs suggesting border-

line intelligence for the ages studied.

When the total group is divided into those with

and those without hard signs (see Table 102), the resulting

mean IQs for the two groups are essentially the same and

remain in the borderline range of ihtelligence. Children

with hard signs are not significantly different (as indi-

cated by t tests) from those without hard signs in Verbal,

Performance or Full Scale IQ.

Analysis of the IQ data for children with and

without hard signs on an age-specific basis revealed that

at no age level were the Verbal, Performance or Full Scale

IQ scores different in children with hard signs from those

without hard signs (see Tables 103-104). Although intel-

ligence level, per se, did not appear to be differentially

influenced by the presence or absence of hard signs, it

remained to be determined whether the number of soft signs

was systematically related to intelligence level. As may

315



Table 101

Intelligence Status of All Children

Total Group

N = 198

Age 8

N = 26

Age 9

N = 56

Mean S.D. Mean S.D. Mean S.D.

Verbal IQ 76.29 13.30 72.38 13.65 73.39 13 29

Performance IQ 75.93 17.03 74.85 13.56 76.11 20.53

Full Scale IQ 73.81 14.90 71.04 13.79 72.32 16.93

Age 10

N = 56

Age 11

N 7. 30

Age 12

N = 30

Mean S.D. Mean S.D. Mean S,D.

Verbal IQ 76.16 12.38 82.37 15.69 79.23 9.63

Performance IQ 74.93 16.15 79.03 17.91 75.30 13.52

Full Scale IQ 73.23 14.03 78.87 16.88 75.20 10.60

316 317
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Intelligence Status of Children

with and Without Hard Sions

Children with
Hard Signs
N = 42

Chil.dren without
Hard Signs
N = 156

Mean S.D. Mean S.D.

.Verbal IQ 77.14 13.36 76.06 13.32

Performance IQ 74.62. . 12.13 76.28 18.14

Full Scale 12 73.71 12.57 73.86 15.58

318



Table 103

Intelligence Status on an Age-Specific Basis of All Children With Hard Signs

Age 8

N = 5

Age 9

N = 8

Age 10

N = 9

Age 11

N = 10

Age 12

N = 10

Mean S.D. Mean S.D. Mean S.D. mean S.D. Mean S.D.

Verbal IQ 68.20 13.57 71.50 8.49 73.00 10.63 89.30 14.31 77.70 10.77

Performance IQ 70.00 11.77 73.63 6.02 67.44 14.93 82.80 12 98 76.00 8.55

Pull Scale IQ 66.20 12.91 70.00 7.37 67.67 12.38 84,90 12.15 74.70 9.94

N.)



Table 104

Intelligence Status on an Age-Specific Basis for All Children Without Hard Signs

Age 8
N = 21

Age 9
N = 48

Age 10
N = 47

Age 11
N = 20

Age 12-
N = 20

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.

rbal IQ 73.38 13.81 73.71 13.97 76.77 12.70 78.90 15.52 80.00 9.20

rformance IQ 76.00 13.96 76.52 22 06 76.36 16.12 77.15 19.97 74.95 15.62

11 Scale IQ 72.19 14.03 72.71 18.06 74.30. 14.19 75.85 18.34 75.45 11.15



223

be seen in Table 105, the number of soft signs is syste-

matically related to level of intelligence both in children

with and without hard signs. The greater the number of

soft signs, the lower the intelligence score.

It is necessary to ask what it was in the history

or behavior of the eight children who displayed no hard or

soft signs that caused them to be referred to and accepted

by this school. Table 106 summarizes the intelligence

status and relevant neurological history from the school

records of these children. It is noteworthy that of the

eight children, six were in the normal range of intelli-

gence and only two were in the borderline range of intelli-

gence. Two children (numbers 1 and 7) had no keported

histories of medical risk to explain their preS-ence in the

school, three children (numbers 2, 3 and 4) had histories of

risk before or after birth, and three children were re-

ported as having neurological symptoms (numbers 5, 6, and

8) although this could not be confirmed in the clinical

neurological examination described in the present report.

Discussion

It is clear that the children educationally desig-

nated as brain damaged in the school system under study do

indeed have evidence of central nervous.system dysfunction.

Ninety-six percent of the total sample displayed either hard

3 22
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Table 105

Relationship of Number of Soft Signs to Intelligence

Correlation of
Soft Signs and:

Verbal IQ

Performance IQ

Full Scale IQ

In Children
In Children Without Hard
with Hard Signs Signs

0.409*

0.403*

0.453*

*Significant at .01 level of confidence

**Significant at .001 level of confidence

0.537**

0.627**

0.643**
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Table 106

Children Without Observed Neurological Signs

Child
WISC

Full Scale IQ

1 93

2 80

3 72

4 85

5 96

6 82

7 91

8 72

School Record History
of Risk or Symptoms

No neurological signs; "perceptual
impairment."

Premature birth, birth weight 4 lb.
6 oz.; in incubator 5 weeks.

Post chicken pox meningococcal
meningitis at age 7 months.

Post mumps encephalitis, age not
specified.

Intention tremor and slurred speech.

Convulsions at age 1-1/2 years;
severe emotional outbursts and
uncontrollable behavior.

No neurological signs; half-brother
in Creedmore State Hospital.

Convulsions at age 2 years.
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or soft signs of CNS damage. Approximately one-fifth of the

sample displayed hard signs, and three-quarters of the

sample displayed soft signs. In fact, only eight children

or 4% of the sample showed no signs. This contrasts

sharply with the normal comparison group in whom no hard

signs were fOund and who displayed no more than two signs

in any individual case.

The discussion of numbers of signs would be mis-

leading if we failed to emphasize the variety of signs

found among different sub-groups of children. E.g. within

that 1/5 of the sample in whom hard signs were present.it

is essential to note that all kinds of plegias were repre-

sented in addition to Athetosis. Heterogeneity was equally

evident in the soft sign group both in the sense that some

children had as few as one sign whereas others had as many

as ten or eleven signs,and in the variety of signs present.

One may also examine the frequency with which

particular signs occur in this group of children. Certain

signs (e.g. DSS and-Coofdttia-tion) appear-0d in as maay-as

almost two-thirds of the study sample whereas other signs

(e.g. astereognosis and position sense) appeared appreciably

less often. Moreover, the pattern of signs were, in

general, not appreciably influenced by age. The exception

to this was at age 8 years where the children displayed a

pattern of signs different from that found for children at

later age levels.
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The classification of these children into subgroups

of hyperkinetic and non-hyperkinetic children did not

reveal differences in propensity for hard signs, but did

show that hyperkinetic children had more soft signs than

non-hyperkinetic children. Moreover, the age analysis of

hyperkinesis showed a tendency for this disorder to be

most frequent among the youngest children, occurring three

times more often among the eight year olds than'among the

twelve year olds. These findings are consistent with

common clinical observation.

Evaluation of the intellectual status of these

children shows them to function, as a group, in the border-

line level of intelligence. This is true whether one con-

siders separately verbal, performance or overall intelli-

gence. Moreover', the age analysis of intellectual ability

in these children shows strikingly little variation among

the age levels studied.

Comparison of the children with and without hard

imtAh1ishpd clAarly that the presence of hard signs

did not influence the child's level of intellectual func-

tioning. That is, those children with classical neurological

syndromes did not function differently (i.e. less well)

than those without such symptoms. However the situation

was different with regard to soft signs. The number of soft

signs was inversely related to intelligence, and those

327
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children with the greater number of soft signs tended to

function at lower levels, of intelligence than those with

less signs.

The findings of this study support the conclusion

that the educational designation "brain damage" is not

merely an administrative convenience for admitting into

special classes those children who have vaguely defined

learning disorders. It is clear that these children do

suffer from objectively observable CNS disorders. However,

it would be unfortunate if the confirmation of presence of

organic pathology acted to sustain the stereotyped view of

the "brain damaged child" as an entity. On the contrary,

the findings support the notion that these children are,

from a neurological point of view, quite heterogeneous with

respect to nature and pattern of symptoms. Perhaps most

striking is the fact of differences in patterning of soft

signs and the presence of hyperkinesis in the youngest

children as compared with the older children. What is sug-

gested here is that both the nature of the soft signs that

children exhibit and the presence of hyperactivity are not

merely a consequence of CNS damage per se, but rather of

an interaction between CNS damage and age. Such a con-

clusion based as it is on cross-sectional data needs to be

tentative, and would be more firmly, based on longitudinal

data.

328 ,



Chapter 8. A Graphic View of Patterns of

Intellectual Functioning

It is still an open question as to whether the

organization or patterning of abilities in brain damaged

children remains the same or whether it changes in meaning-

ful ways over the crucial span of the school years. This

question is herein dealt with by comparing the graphic

subtest profiles of the,WISC that characterized successive

years of .a given age group.

For a given age group each subtest mean was plotted

in terms of,its deviation above or below the mean value of

the 12 subtests which served as the abscissa. This pro-

cedure resulted in four sets of deviation scores, one for

each of four successive years in the progress of a given

age group. For example, in Fig. 9 the mean scaled score

for all 12 subtests for 6 year olds in the first year of

the study was 5.38; this served as the abscissa for 6 year

old children in the first year of the study. The mean

scaled score for Information was 5.47. The difference be-

tween these two figures (+.09 or .1) is the required devia-

tion value and was plotted one-tenth of a scaled value

point above the abscissa for six year old children in the

229
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first year of the study. The mean scaled value for all

12 subtests done by the six year olds in the second year of

the study (they are now 7 years old) was 5.44; this served

as the abscissa for six year old children in the second

year of the study. The mean scaled score for Information

was 5.36. The difference between these two figures

(-.08 or -.1) is the required deviation value and was

plotted one-tenth of a scaled value point below the ab-

scissa for six year old children in the second year of the

study. The same procedure was followed for six year olds

in the third and fourth years of the study. Problems of

interpretation resulting,from differences in level of

ability among the four groups were overcome since each

member of a set of four scores was plotted around its own

mean. The resulting graph is therefore presumed to depict

relative rather than absolute subtest strength and weak-

ness.

Fig. 9 shows the patterns of subtest variation for

six year old brain damaged children in the first year of

the study compared with themselves in the second, third

(=rid fourth year of the study at ages 7, 8 and 9 respectively.

Inspection of this graph shows that on five of the 12 sub-

tests (Information, Comprehension, Digit Span, Picture

Arrangement and Coding) the four age groups varied in

opposite directions. For Information and Comprehension
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the trend appears to be regressive with the children doing

relatively more poorly as they grow older; for Coding the

trend is clearly toward relative improvement with increas-

ing age.

No clear pattern emerges when one scans the remain-

ing Figures 10-15. At'age 7 (in the first year of the

study) there are four instances where age groups vary in

opposite direction. At age 8 there are three instances,

at age 9 there are only two such instances. At ages 10-12

years there are either 5 or 6 instances. There are no

particular subtests in which this kind of disparity exists

at every age. Only in Similarities does this variation in

opposite-directions never occur.

The remaining seven subtests showed variation,

but these variations were in the same direction, i.e. sub-

test performance better than own average performance for

the test as a whole. It.can, therefore, be concluded that

for these seven subtests there was directional similarity

in the patterning of subtest performance for the six year

olds over a four year period. In general such directional

similarity exists for all subsequent age groups (see Figs.

2-7).

The pattern of subtest variation suggests a

general tendency for verbal abilities as a whole to lag

behind mean performance on the test as a whole for the six
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year olds in the first year of the study. It can be

quickly noted (Fig. 9) that four of the six verbal subtests

do lag behind mean overall test performance. A rough and

ready*indicator of such a lag or directionality may be

inferred when any three of a set of four years (1st, 2nd,

3rd and 4th years) is either above or below the abscissa.

Hence, in Fig. 9 for Information, three of the set of four

scores (2nd, 3rd and 4th years) are below the abscissa and

may therefore be described as lagging behind mean per-

formance for the test as a whole. A similar trend is ob-

served for seven and eight year olds (Figs. 10-11) where

four verbal subtests again lag behind. However, it is -

interesting to note that from age 9 years of age through 12

years the tendency toward verbal inferiority ends, and

there are about as many verbal as non-verbal subtests above

the mean as below. It may be concluded from this that the

younger children (6-8 years in the first.year of the study)

showed (and maintained for four consecutive years) a

relative weakness in the verbal areas of intellectual

functioning; whereas the older children (9-12 years in the

first year of the study) showed no such pattern. There is

nothing in the data to account for this difference, and one

can only speculate about changes in screening and admis-

sions procedures that may have permitted a greater toler-

ance for verbal dysfluency among younger than among older

.children at the time this study was begun.
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It is relevant to the above findings to note that

at every age level, and despite the general verbal weakness

of the younger children in the first year of the study (6-

8 years), there was a consistent superiority in relative

subtest score for Similarities--that subtest which mea-

sures the ability to think abstractly. It is not at all

clear why this most difficult of verbal abilities compares

so favorably with the test scores in general and the

verbal scores in particular, but it is certainly a hopeful

note since abstract ability is of presumably considerable

importance.

One might view the fact of directional variation

in a given subtest in a given group of children over a

period of years as indirect evidence that this subtest is

subject to the vicissitudes of environmental input, or put

more simply that it is subject to change and perhaps re-

sponsive to teaching input. If this is so, then it is

noteworthy that all subtests (except Similarities, which

was consistently above mean test performance anyway) showed

this kind of directional fluctuation at various ages. One

might thereby conclude that almost all of the elements of

intellectual functioning are amenable to change in these

children. Of course, it must be added that suCh change can

go in ,either direction. Of those instances where directional

change occurred one can look at the direction of the child's
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score labove or below the abscissa) in the fourth year of

the study on the assumption that his score at this time is

a rough indicator of his amenability to educational input.

By inspection of Figs. 9-15 one can observe roughly an

equal number of instances where the direction of change was

either up or down. Clearly, some children were deriving

benefit from their experiential input whereas others failed

to do so.

What is it, specifically, that these children have

failed to improve in over the four year span? Ohe-may note

from Figs. 9-15 those subtests in which 3 of 4 consecutive

age groups (same children over 4 year span) performed poorly

(relative to mean test score) on a given subtest.. For

example, in Fig. 9 at least three of the four age groups

and sometimes all four age groups performed more poorly on

Information, Comprehension, rithmetic, Vocabulary, and

Object Assembly. When one performs thislcind of inspection

on all of the Figures 9-15, it can be seen that certain

subtests recur with great frequency below the abscissa.

These subtests include: Information (4 times, Figs. 9, 10,

11, 15), Comprehension (6 times), Arithmetic (6 times),

Vocabulary (7 times; all Figures!).

It seems important to note that Information and

Vocabulary were .among the deficient areas. Moreover, Vo-

cabulary becomes progressively and relatively worse as
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the children grow older. Hence, children age 6 in the first

year of the study (Fig. 9) do relatively more poorly in

Vocabulary by age 9 than they did at age 6. Similarly for

all later age levels (Figs. 10-15) the children grow

(relative to their own overall performance) less capable in

Vocabulary, i.e. they improve less in this area. It must

be noted that the failure to show improvement in Vocabulary

does not represent an absolute standing still in raw score,

but merely indicates that raw scores did not improve suf-

ficiently to cause a concomitant increase over the previous

year's scaled score level. Hence, from one year to the

next, a child could remain at the same raw score level but

thereby decrease-in his scaled score level; or increase

slightly in his raw score level without this being suf-

ficient to be reflected in his scaled score level since the

scaled scores are standardized by age group.
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Chapter 9. Consecutive Factor Analyses of the WISC

for Four Years: R Analyses of Test

Variables

Factor analysis was another method used to deter-

mine the presence of subtest patterns on the WISC. The

ifactor analyses reported here were based on the intercor-

relations of 11 subtests (Mazes were excluded) using the

principal component method of extraction with the highest

coefficients in each column serving as communality esti-

mates. This method was used in conjunction with the

equimax method of rotationwhichyields an oblique solution

(Harman, 1960).

The results of the factor analyses are presented

in Tables 107-111. The symbols assigned to the factors

are consistent with those reported by Cohen (1959) where "A"

refers to a verbal factor, "B" a performance factor and

an attention, distractibility or memory factor. The

verbal factor (A) and the performance factor (B) emerged

with equal clarity in the first year of the study and in

each succeeding year for the group as a whole (Table 107).

Thus, these identified patterns showed stability over a

four year period.
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Tables 108-109 report the results when the group

was divided into a younger age group (6-9 years in year 1

of the study) and an older age group.(7-10 years in year 1

of the study). A difference in patterning or factors

emerges. The younger age group continues to show the two

major factors already reported (see Table 108). However,

the older age group manifests a third factor, the "C"

factor of attention, distractibility or memory that had

earlier been reported by Cohen for the standardization

group (see Table 109). This factor changes in its composi-

tion over the four year period studied, but most frequently

(three out of the four years) contains Arithmetic and Digit

Span.

Both Digit Span and Arithmetic appear in the Per-

formance factor in the younger children (Table 108), and

one might interpret its emergence as the separate C

factor in the older children (Table 109) as a confirmation

of the differentiation hypothesis of intelligence in young

children where it is posited that intelligence is rela-

tively global initially and differentiates with increasing

age. However, a closer look at these results militates

against such an easy interpretation.

Most importantly, the differentiation hypothesis is

supported only if one refers to the cross-sectional data,

i.e. if one compares younger and older children as defined
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by Table 108 compared with Table 109. However, within

Table 108 are the longitudinal data and children who start

out as age 6-9 years in the first year of the study are

followed for four years until they become age 9-12 years.

These data show no tendency for the same children to dif-

ferentiate in the number of factors they manifest as they

grow older. Quite the contrary, the stability of their two

factors is indicated by their proportion of the total

variance among all subtests. Table 110 shows these pro-

portions. Factor A never varies during the four years

beyond a range of 53.1% of the variance (in year 3) to

54.4% (in year 4). Factor B shows the same stability and

varies within the narrow range of 10.3% of the variance (in

year 1) and 12.2% (in year 3).

The same stability is shown for the three factors

in the older children (Table 109) and the prOportion of

the variance accounted for by these three factors is given

in Table 110. Again, the proportion of the variance

accounted for by any one of the three factors varies within

a very narrow range during the four years of the study and

Factor A, e.g. varies from a low of 48.2% of the variance

(in year 1) to a high of 49.8% (in year-4).

Such stability in these two groups of children

(younger and older) in the longitudinal data hardly argues

for the differentiation hypothesis. Instead, it suggests
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that the difference in the number of factors obtained is a

function of the fact that the two groups are in some im-

portant way uniquely different from each other. If the

cross-sectional data were the criterion, and we were to

infer the differentiation of intelligence as one proceeded

from younger to older children, then this should have been

corroborated in the longitudinal data where the children

proceed from being younger (in the first year of the study)

to being older (in the fourth year of the study). After

all, why should children aged 10-12 years ("older" children

in the first year of the study, Table 109) show three

factors, whereas children aged 9-12 ("younger" children in

the fourth year of the study, Table 108) only show two

factors? If differentiation of intiigence occurred, then

the 9-12 year olds who are the defined "younger" groups

(6-9 years in the first year of the study) and who have

now been studied for four years will have had time to dif-

ferentiate. Moreover, one could expect them to be factor-

ially similar to the so-called "older" group who were 10-12

years in the first year of the study. That they were

factorially different is an argument both against the dif-

ferentiation hypothesis and the use of the cross-sectional

method as a means of studying this issue.

Since an earlier paper (Bortner and Birch, 1970)

reported a factor analysis of brain damaged children in the

353



247

age range 7-11 years, the present age groups were re-

constituted in order to provide comparable data. In the

first year of the study, the 6 and 12 year olds were

eliminated, and in the second year of the study the 12 and

13 year olds were eliminated. This provided us with a

first group of children identified as 7-11 years, First

Year and a second group 7-11 years, Second Year. The

factor analyses for these two groups of children are pre-

sented in Table 111 and may be compared with the work re-

ported earlier (Bortner and Birch, 1970). The three factors

reported earlier are confirmed in these results, i.e.

Factors A (Verbal), B (Performance) and C (Attention, Dis-

tractibility, Memory). Again, it will be noted that the

proportion of the variance accounted for by these three

factors is extremely stable. The bottom of Table 110 shows

thiM: the propcntion of the variance (accounted for by the three

factor& changes within a very narrow range over the two

years.

Three factors were rotated in these last two

analyses only in order to permit direct comparison with the

earlier reported work. However, if we had performed these

last two analyses in the same manner as those reported in

Tablet 107-109, only two factors would have appeared. In

Tables 107-109 the decision as to how many factors to

rotate was based on the Eigen value. When this value did
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not reach or exceed 1.0 the factor was not rotated. It

should therefore be understood that the reporting of three

factors here as contrasted with the reporting of only two

factors in Table 107 (for the 6-12 year group over the fouryear

period) is not in conflict; it merely represents a differ-

ence in the underlying technical decision as to when to stop

rotating for additional factors. Use of the Eigen value

of 1.0 or higher is a commonly accepted procedure. It

was simply not followed in Table 111 in order to make the

results more directly comparable with those reported in an

earlier paper.

Despite the difference in the technical decision

as to when to rotate in these last two analyses, the sig-

nificance of the C Factor does not change much from what

was reported in Tables 107-109. The proportion of the total

variance attributable to the C Factor whether we refer to

the 7-11 year groups (where the C Factor was rotated) or

the 6-12 year groups (where the C Factor was not rotated)

the proportion of the variance attributable to this third

factor prior to rotation was roughly equivalent (a range of

7.3% to 8.0% over the four years for the children 6-12 years

in the first year of the study) versus 5.8% and 7.3% for

the two 7-11 year old groups. In all cases, the substantive

significance of this C Factor appears to be marginal.
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Table 107

Factor Loadings on WISC Subtests for Brain Damaged Children Age 6-12 Years
in First Year of Study Followed for Four Year Period

WISC
ibtest

Year 1
Age Span 6-12

N = 210

A B h
2

Year 2
Age Span 7-13

N = 203

A B h
2

Year 3
Age Span 8-14

N = 193

A B h
2

Year 4
Age Span 9-15

N = 177

A B h
2

Info. -76 03 63 88 13 65 75 00. 56 81 01 67

Comp. -51 20 44 52 -17 41 62 08 46 67 05 49

Arith. -45 38 57 49 -39 63 45 34 52 42 37 51

Sim. -78 -08 J4 70 00 50 81 -07 59 78 01 63

Vocab. -85 -04 69 77 00 60 86 -08 66 89 -08 70

D.S. -42 26 40 41 -29 40 45 19 35 25 33 28

P.C. -22 56 54 18 -57 49 23 49 44 13 60 47

P.A. -08 67 54 35 -52 62 40 44 58 35 50 60

B.D. 06 79 56 -06 -85 66 -08 85 64 -15 93 71

O.A. 10 88 67 -11 -88 67 -07 88 70 -04 84 67

Cod. -18 51 42 11 -59 45 22 51 45 26 43 40
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Table 108

Factor Loadings on W1SC Subtests for Brain Damaged Children.Age, 6-9 Years

in First Year of Study Followed for Four Year Peridd

Year 1 Year 2 Year 3 Year 4

Age Span 6-9 Age Span 7-10 Age Span 8-11 Age Span 9-12

WISC N = 120 N = 114 N = 107 N = 98

Subtest
A B h

2
A B h

2

A B h
2

A B h
2

1. Info. 70 14 64 84 00 71 -62 26 63 -84 06 78

2. Comp. 50 23 47 63 11 50 -74 06 59 -73 01 53

3. Arith. 33 52 62 32 59 69 -32 59 67 -42 49 68

4, Sim. 76 -05 53 58 11 43 -78 -03 58 -78 03 63

5. Vocab. 84 -03 67 86 -07 66 -86 -06 68 -84 -02 68

6. D.S. 26 46 44 25 50 48 -34 39 42 -20 41 31

7. P.C. 26 56 58 17 56 47 -25 50 42 -09 60 44

8. P.A. -05 80 59 16 67 62 -19 65 61 -28 60 65

9. B.D. -06 80 58 -09 85 64 19 92 67 18 96 74

10. O.A. -08 87 66 -14 89 65 06 79 57 06 81 60

11. Cod, 15 56 45 02 68 48 -10 64 ,49 -24 42 36

Ui
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Table 109

Factor Loadings on W1SC Subtests for Brain Damaged Children Age 10-12 Years

in First Year of Study Followed f)r Four Year Period

Year 1 Year 2 Year 3 Year 4

Age Span 10-12 Age Span 11-13 Age Span 12-14 Age Span 13-15

WISC N = 90 N = 89 N - 86 N = 79

Subtest'
A B C h

2

A B C h
2

A B C h
2

A B C h
2

1 Info. 46 -06 47 59 62 -21 -32 57 65 16 16 46 69 02 03 52

2. Comp. 79 17 -20 -7 00 18 -65 55 56 -20 -02 46 60 12 06 50

3. Arith. 06 26 64 68 68 29 00 69 05 -09 72 64 11 -03 83 76

4. Sim. 60 00 18 49 51 -02 -39 57 68 -05 12 61 70 01 16 64

5, Vocab. 71 00 23 72 10 01 -84 81 94 00 -08 81 95 -08 -02 81

6. D S. 00 07 72 58 68_ 14 10 49 06 01 68 51 08 06 54 39

7. P.C. 27 54 02 53 -10 58 -40 62 27 -61 -15 55 25 75 -21 68

8. P.A. 28 48 09 51 22 37 -40 62 53 -25 09 57 41 38 08 55

9. B.D. -13 72 14 53 18 78 08 70 -02 -71 17 60 -18 76 29 71

10. O.A. 00 91 -12 75 -07 82 -09 70 -04 -94 04 86 00 88 01 78

11. Cod. 10 49 10 37 24 49 -05 43 11 -40 33 47 24 39 17 44
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Table 110

Proportion of Variance Accounted for by Each Factor

Younger Children Older Children
(6-9 Years in First Year) (10-12 Years in First Year)

(2

Factor

factors)

% Variance

(3

Factor

factors)

% Variance

Year 1 A 54.4 A 48.2

10.3 B 11.9

9.3

Year 2 A 53.5 49.1

11.7 12.9

9.9

Year 3 A 53.1 A 49.1

12.2 11.7

9.5

Year A 53.9 A 49.8

B 11.2 B 11.9

C 9.9

Children 7-11 Years, Children 7-11 Years,
First Year Second Year

Factor % Variance Factor % Variance

A 82.0 A 78.1
B 12.2 B 14.6
C 5.8 C 7.3

362



Table 111

Factor Loadings on WISC Subtests for Brain Damaged Children Age 7-11

in First and Second Year of Study

WISC

Subtest

Year 1

Age Span 7-11

N = 150

A B C h2

Year 2

Age Span 7-11

N = 143

wl=

A B C h2

1. Info. 58 11 24 59 65 -12 -42 74

2. Comp. 59 34 -26 60 48 30 00 45

3. Arith. 37 37 25 61 23 27 -54 71

4. Sim. 76 -04 09 59 50 06 -22 44

5. Vocab. 76 07 04 68 86 10 06 76

6. D.S. 16 27 52 59 15 10 63. 59

7, P.C. 21 59 08 .58 22 65 07 55

8. P.A, 19 67 00 62 28 57 -11 64

9. B.D. -02 69 15 56 -07 70 -24 65

10. O.A. -02 92 -11 76 00 84 00 70

11. Cod, 01 58 20 48 -08 47 43 53
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Chapter 10. Factor Analyses of the WISC: Q Analyses

of Person Variables

A Q-Group analysis was done on the WISC data as

part of the overall strategy of data analysis designed to

characterize meaningful sub-groups of children according to

patterns of cognitive performance. However, since Q

analysis has not been reported for intelligence data

before, it is discussed here in some detail.

The question may be asked whether the children we

are studying represent a homogeneous or heterogeneous

group with respect to their cognitive performance. If

they represent a homogeneous entity, then we are justified

in describing their performance on cognitive tasks in terms

of a single set of average scores based on the behavior of

the group as a whole. If, on the other hand, they are

not homogeneous but represent instead an amalgam of dif-

fering styles, modes, or patterns of cognitive behavior,

then the use of average scores based on the total group's

performance will be unrevealing at best and misleading at

worst. In an attempt to discover whether the cognitive

behavior of our subjects can best be described in terms of

a single group, whose members all behave in a similar way,
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or instead whether it should be described in terms of

several different, uniquely performing subgroups. Q-

group analyses were made of the subjects' first and second

year WISC scores.

The Technique

The typical use of correlation coefficients enables

us to measure the degree to which two sets of scores rank

a group of individuals in the same way. If, for example,

a reading comprehension test and a verbal aptitude test,

administered to the same group of students, display a high

(and positive) correlation, we know that students with

relatively high scores on one measure will tend to have

relatively high scores on the other and vice versa. In

this case we have a correlation between two tests. How-

ever, it is also possible to correlate two persons. For

example, suppose we have given a group of students six

tests. If two students, A and B, have a high (and posi-

tive) correlation with each other, it means that they have

performed in a similar manner on the six tests. If

student A has a relatively high score on test 1, for

example, and a relatively low score on test 2, then student

B will tend to have a relatively high score on test 1 and

a relatively low score on test 2. The higher the correla-

tion between two persons the more similar their pattern of
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performance on a series of measures, and conversely, the

lower the correlation, the less similar their performance.

A hypothetical example in which five students take the

same six tests is presented in Table 112, which displays

the students' scores on all tests. Note that subjects A

and B do not receive the same score on any one test. For

example, on test 1, subject A's score is 10 and subject

B's score is 8. However, A's and B's performance are

perfectly correlated inasmuch as A and B both rank the

tests in the same way: the tests on which A does best

(1, 4, 5) are the ones on which B does best; the tests on

which A does least well (2, 3) are the ones On which B

does least well; and finally the test on which A performs

in an intermediate way (6) is the one on which B performs

in an intermediate way. Thus if we correlated A with B we

would obtain a product-moment coefficient of +1.0. Simi-

larly, note that A and C are perfrectly correlated but in

the opposite direction. That is, on the tests on which A

performs best, C performs worst, and vice versa. If we

correlated A with C, we would obtain a coefficient of -1.0.

Whereas A, B, and C are perfectly correlated with each

other (either positively or negatively),none of them has

a substantial correlation with D, whose scores are essen-

tially unrelated to theirs. Note, however, that D's and

E's performances are perfectly (and positively) related to

each other.

367



257

Just as we can group together variables, e.g.,

tests, through factor analysis, we can also group persons

together. In an R factor analysis, variables are grouped

together which have a high relationship to each other and

a low relationship to other variables. Thus the clusters

of variables which result are maximally independent of

(unrelated to) each other. Thus, for example, tests of

arithmetic computation, arithmetic reasoning, and numerical

problem solving might tend to form one cluster or factor,

and tests of vocabulary knowledge, paragraph reading, and

verbal reasoning might tend to form another cluster or

factor if all six tests were administered to the same group

of people. Similarly, subjects can be grouped together

in such a way that they form maximally independent groups.

The subjects forming a given group would perform in a

similar fashion and the performance which characterizes

one group would bear only a minimal relationship to the

performance which characterizes another. One group of

persons, for example, might be characterized in terms of a

difference between their reading and arithmetic scores,

these persons obtaining high scores on the former and low

scores on the latter, whereas another group might be char-

acterized in terms of a tendency to perform bette on tests

of clerical ability than on tests of spatial relationships.
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An example of the way in which subjects cluster

together can be seen in Table 113, which presents the

product-moment correlation coefficients computed on the

basis of the performance of our five hypothetical subjects

on six tests (Table 112). Note that subjects A, B, and, C

are perfectly related to one another but have very low

correlations with subjects D and E. Subjects D and E, on

the other hand, are perfectly related to.each other, but,

as we have seen, have very low correlations with subjects

A, B, and C. On the basis of these-coefficients we can

construct two groups. Subjects A, B, and C would form one

group, and subjects D and E would form the other. Note,

however, that although A, B, and C fOrm one group (inasmuch

as their performances are perfectly correlated) , A's and

B's are directly opposite of that of C. Thus, the ABC

group can be subdivided into two subgroups, A and B on the

one_handand C on the other.

When dealing with only a few subjects, as in our

example, we can group the subjects together on the basis

of inspection. Where larger numbers of subjects are in-

volved, however, a Q-group analysis--or factor analysis

based on subject correlations--must be used if we are to

obtain the most accurate clustering of subjects.
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The Procedure

For purposes of data analysis, the children were

divided into two age groups: a "younger" group, who were

aged 6-9 during the first year of testing and an "older"

group, who were aged 10-12 during the first year of testing.

For each of these groups, two Q analy ses were performed:

one on its first year WISC subtest scaled :.c.:.tres and one

on its second_year WISC subtest scaled 5res. In addi-

tion, two other Q analyses of WIsc scaled scores were

made: one on the.first year scores of children who were

7-10 during the first year of testing and one on the second

year scores of children who were 10- 12 during the second

year of testing. Thus, six Q analyses of wISC scaled

scores were performed: (1) Year 1 scores of ages 6-9

(N=120), (2) year 2 scores of ages 7-10 (N=l09) , (3) year

1 scores of ages 7-10 (N=120), (4) year.1 scores of ages

10-12 (N=90) , (5) year 2 scores of ages 11-13 (N=89),
ff

and (6) year 2 scores of ages 10-12 (N=85). The relation-

ships among these analyses are shown in Table 114. Note

that except for attrition the children in-:analyses (1) and

(2) are the same. Similarly, the children in analyses

-(4) and (5) are the same. Note also that there is only a

partial overlap between the children in analysis (3) and

those in (1) or (2) and only a partial overlap between the

children in analysis (6) with those in (4) or (5). That
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is, the 7-I 8-, and 9-Y"z-olds in (1) and (3) are the

5ame, the 11_ and 12- Year-olds in (5) and (6) are the

However, the 6-Year 11G in ,1) axe not in (3),

d the 10,year,olds Pf (: not in (1). Similarly,

the 12-yea ir-cldz ,._ (5) al-n ,-- --s not in (6) and the 10-year-

0ld2 i.0 ,) are tot in (5). Thus, a comparison between

(1) -:., A or
between

(5) and (6) would involve groups

that 0
-ontain

ed zome lout not all of the same subjects. It

should noted that analysts (2) ad (3) are of subjects

of the same age (7_10 and analyses (4) and (6) are of sub-

jects of the sartie age (10-12). Thus, the use of siX

,alyee makes 4...t possible to ccomPars results for the same

children over a one-year 4-rxterval (by comparing (1) with

(2) arld (4) with as well as to compare results obtained

for identical a grOuPs (by comparing (2) with (3) and

(4) with (6)).

The coefficients which were factor analyzed were

not Product-moment coefficients but cross-products. (A

cross t3roduct iz the Srjfl °f the products' of one subject's

score each test mui t anotheriPlisd bY subject's score

on each test.)

Thus' where Al' A2,

A's scores on tes
ts 11 2'

A
12 rer.:esents subject

-

12 :)nd where B1, B2, .

12 reS
ent subject B's scores on tests 1, 2, . . 12,3 ret3

the cro :(32 plusss
_product for AB wculd bs A1431 plus A2x
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. . A
12

xB
12'

The rationale for uSing cross-products

instead of product-moment coefficients can be summarized

as follows. If product-moment coeffici,..mts are employed,

the children who defin,n a type, i.e., have the highest

loadings on the factor, can display grossly discrepant

means and standard deviations, thus making it difficult to

characterize the clu ter as a whole. When cross-products

are used, on the other hand, it is necessary that children

who define a cluster be alike b-.th in mean and standard

deviation. Hence, cross-products were the coefficients

which were factored.

For each analysis, three centroids were extracted,

but only the second and third centroids were rotated. The

first centroid was omitted from the rotation in order to

obtain clusters in which total IQ did not prove to be the

defining feature. If all three centroids had been rotated,

IQ children would have defined each cluster because

their cross-products were the largest ones. Since the

first centroid essentially_ordered the children_in terms

of their total IQ score, .and since the second and third

centroids were by definition minimally related to the

first, bY rotating only the second'and third centroids,

clusters could be obtained in which the total IQ was not

he defining feature. The resulting clusters would still,

however, be defimd by children whose means and standard

deviations were ali'7e.
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Correlational Analyses

Pearson product-moment correlation coefficients

were obtained between year 1 and year 2 Q group loadings

for the chiidren who entered Q analyses (1) and (2) and

for the children who entered into Q analyses (4) and (5).

This information will permit conclusions about the stability

of the Q groups.

Results of Q Analysis

For each age group, two clusters of childr-. or

groups were obtained. Each Q group in turn consfsted of

two subgroups, each of which was the mirror image of the

other--in much the same way as, in our example (Tables 't12

and 113), C's performance was the mirror of A's and

B's. Thus, for each age group, four subgr,Lyps were ob-

tained.

Just as an R factor (a cluster of scc-es) is

defined or characterized by its loading items, a Q group

(a cluster of subjects) is defi-led or characterized by itz

highest loading subjects. To make possible an interpre-

tation of the Q analyses, for each Q group the scores of

the six children with the highest positive loadings an-i

the scces of the six children with the highest negati.t'(-

loadings were examined. If the cluster of children who

constitute a Q group can be viewed as varying along some
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trait or dimension, then the six children with the highest

positive loadings can be considered as archetypes of one

pole of the dimension and the six chlidren with the highest

negative loadings can be considered as archetypes of the

other pole. Thus, for each Q group, two subgroupS of

archetypal subjects were identified, one with positive

loadings and one with negative loadings on the group.

For each subgrou-:..) of archetypes, the mean and

standard deviation of the scaled scores obtained on each

subtest were calculated as well as the mean and standard

deviation based on all 12 subtests. The means and standard

deviations for each subgroup's scores are presented in

Table 115 (younger children) and Table 116 (older chil-

dren). It was possible to identify for each archetypal

subgroup those subtests on which it 7,1_s relatively strong

and those subtests on which it was ..elatively weak. The

crj.terion of "strength" and "weakness" which was employed

was an arbitrary one--namely, a difference of at least

one scaled score.point from the archetypal subgroup's

overall mean score. (This criterion was chosen because

the standard deviation of each subtest's scaled scores is.

threci, and hence one scaled score point represents one-

thir,l of a standard deviation. A difference from the mean

of onethird of a standard deviation seemed large enough

to provide a reasonably reliable rough and ready .index of
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strength or weakness.) Thus, for example, in Table 115

we can see that for the Q analysis performed on the 6-9

year olds' scores, the positive archetypes of Q group I

subgroup A had an average scaled score of 7.3. The sub-

tests on which tl-ze children performed relatively well

therefore were those on which they obtained scores equal

to or higher than 8., whereas the subtests on which they

performed re'atively poorly were those subtests on which

they obtained scores equal to or lower than 6.3. The tests,

then, on which they performed well relative to their over-

all average were Picture Arrangement (10.5) , Block Design

(9.3) , Object Assembly (10.7) , Coding (9.7), and Mazes

(9.0). The tests on which they performed relatively poorly

were Information (4.5) , Comprehension (4.7) , Similarities

(3.8) , and Vocabulary (2.'8). Similarly, for the same Q

analysis,'the negative archetypes of Q group I subgroup B

performed relatively well (in comparison to their average

scaled score of 6.4) on Smilarities (10.7), and relatIvely

poorly-on Digit-Span (5.3), Picture Arrangement (5.3),

Block Design (5.3), Object Assembly (4.3) , Coding (4.0),

and Mazes (5.2).

These differences, relati7e to the overall scaled

score averPge, are summarized fr the archetypal subjects

in Table 119. Note that for the analysis of 6-9 year

olds' scores obtained in the fist year, there are six
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subtests on which subgroups IA and IB performed in oppo-

site ways: Similarities, Picture Arrangement, Block

Design, Object Assembly, Coding, and-Mazes. On each of

these tests if one archetypal subgroup performed relatively

well, the other performed relatiVely poorly. Note also

that whereas subgroup IA obtained relatively better

scores on the performance subtests, subgroup 1B obtained

its better scores on the verbal subtests.

Both archetypal subgroups had about _ne same

average tot_1 IQ (79 and 72) but each displayed a marked

discrepancy between their verbal and performance IQ

scores. Archetypal subgroup IA's average verbal IQ score

was 30 points lower than its average performance IQ score,

and archetypal subgroup IB's average verbal IQ score was

16 points higher than its average performance IQ score.

This 6-9 year old Q-group appears to be defined, therefore,

in terms of a generta verbal-performance discrepancy.

Each of its archetypal subgroups displayed a discrepancy,

but each subgroup's discrepancy was the mirror image of

the other. Although this Q group can be defined in terms

of a general verbal-performance discrepancy, it can also

be defined more specifically in terms of the six subtests

on which the two subgroups performed in opposite direc-

tions. In a similar fashion, each Q group obtained in

each Q analysis can be defined by identifying those
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subtests on which the archetypal positive and negative

subgroups performed in opposite directions.

While characterizations arrived at in.this manner

seem clear when only the archetypal subjects are con-

sidered, it might be argued that such characterizations

would not hold for the Q-group as a whole--for all the

subjects entering it. In order to check whether the

characterizations determined.by the archetypal students

would also apply when subjects with lower or marginal

loadings were included, the procedure followed with the

highest loading subjet..:ts was also followed with (1) all

subjects having loadings equal to r greater than .0200

(which exclUded about one-third of the subjects entering

each Q group) and (2) all subjects entering the Q group.

Substantially the same results were obtained. That .Ls to

say, the same relative strengths and weaknesses were ob-

served on most of the same tests for each Q subgroup

whether based on the hight loading subjects, or on the

subjects with loadings equal to-or higher than .0200, or

on all subjects. This can b'e seen graphically in Figures

16 and 17. Figure 16 shows the average subtest performance

of the 6-9 year old subgroups IA and IB when obtained in

each of the three wd7,. -..,ntioned above. Figure 17 pre-

sents the same information for the 6-9 year old.subgroups

IIA and IIB. Note that the cfiQuration of subtest
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performance based oh the highest loading subjects (Figures

16.1 and 17.1) is repeated not only when subjects with

loadings as as .0200 arelow added (Figures 16.2 and 17.2)

but also wiien the fiost marginal subjects are added (Figures

16.3 and 17.3). For both Q groups, it can be seen that

when more marginal subjects are added, the contour becomes

less attehuated, i-e., the intersubject discrepancies

become less sharp. however, the relative positions of

the various s
ubtests are about the same when all subjects

are included (Figures 16.3 and 17.3) as when only the

archetypal subjects are included (Figures 16.1 and 17.1).

Thus, for example,

lowest scores were

subgroup IA's four highest and four

obtained on subtests 8, 9, 10, 11 and

1, 2, 4, 5 respectivel.j, whether computed for the highest

loading subj ects, the n eXt highest loading subjects, or

all the subjects entering the group.

Corr esP0nding graphs for the other Q analyses are

not presented here, 4Jut theY show a similar Progression.

That is
, the

q
confi-ilration displayed by the highest loading

children is maintairled, although in a less extreme fashion,

when the aver ages of all subjects comprising the group

are included.

For
each Q analysis, the performance of all suh-

jects is summarized in Tables 117 and 118, which present

the means and standard deviations obtained by each subgroup

378



268

on each subtest. A comparison of these means with those

of Table's 115 and 116 indicated again that in general the

pattern of performance displayed by the archetypal sub-

jects was maintained even when the scores of the students

most marginal to the subgroup were included. The differ-

ence between means are smaller, but each subtest's relative

rank is about the same.

Stability of Subtest Patterning

Comparisons among the Q group profiles obtained by

the three analyses for the younger children (age 6-9, year

1; age 7-10, year 2; age 7-10, year 1) and comparison among

the Q group profiles obtained by the three analyses for

the older children (age 10-12, Year 1; age 11-13, year 2;

age 10-12, year 2) indicate whether the pattern of strengths,

and weaknesses, identified by an analysis of one year's

scores were also found in an analysis of the same children's

scores in the other year (age 6-9, year 1 v. age 7-10,

year 2 or age 10-12, year 1 v. age 11-13, year 2) and

whether the pattern of strengths and weaknesses, identified

:Dy an analysis of one age group's scores was also found in

an analysiF- of the scores of another, partially overlapping

group of children of the same age (ages 7-10, year 1 v.

ages 7-10 year 2 or ages 10-12, year 1 v. ages 10-12 year

2). An examination of the three sets of profiles for the
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archetypal younger children (Table 119) and the three

sets of profiies for the archetypal older children (Table

120) indicates that, with the exception of the younger chil-

dren's second Q group, these patterns were maintained in

broad outline from one year to the next and for equivalent

age groups. The stability of patterning can be seen in

Figures 18-21, which present the mean subtest configurations

for each archetypal subgroup.

Characterization of Children

We can characterize the younger and the older chil-

dren in terms of those features of the subtest profiles

which are found in all three analyses. Based on the

archetypal profiles summarized in Tables 120-121 we can

characterize briefly (and grossly) the groups into which the

older and younger children are divided as follows. For

the younger children, only the QI group maintained a stable

subtest configuration, which can be characterized in terms

of a general Verbal-Performance discrepancy, there being a

difference of a-c least one standard deviation between PQ

and VQ for the Q subgroups on all three analyses. Children

with positive loadings in this Q group tended to have

higher Performance than Verbal Scale scores, with the

reverse being true for children with negative loadings.

In addition, these children varied in terms of their
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performance on the Similarities and Object Assembly sub-

asts, with positive loadings associated with low Simi-

larities and high Object Assembly scores, the reverse

being true for children with negative loadings. .For the

older children, the QI group was characterized by differ-

ences on the Comprehension and Vocabulary subtests, with

positive QI loadings associated with high Comprehension and

Vocabulary scores, and by differences on the Object As-

sembly, Coding and Mazes subtests, with positive QI load-

ings associated with low scores on the Object Assembly,

Coding, and Mazes subtests. As for the older children's

QII group, it can be characterized in terms of a verbal-

performance discrepancy, inasmuch as five out of six o the

QII subgroup extreme subjects had VQ-PQ discrepancies

larger than 20 points, and inasmuch as the smallest dis-

crepancy of the six was 12 points. Children with positive

loadings in this Q group tended to have higher verbal than

performance subscores, with the reverse true for children

with negative loadings. The older QII children also dif-

fered in terms of the Information and Di4it Span subtests,

with positive loadinc associated with relatively higher

scores. Note that the older children with positive QII

loadings obtained about the same average verbal score as

those with negative loadings. Thus, the higher total IQ

scores observed for the children with negative loadings was
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due to the fact that in absolute terms, their performance

scores were substantially higher than those of the children

with positive loadings.

Whereas Tables 119 and 120 summarize Q group

profiles in terms of the archetypal subjects, Tables 121

and 122 summarize each Q group in terms of all the children

w1-1, se highest loadings were found on that group. A com-

parison of Tables 119 and 120 with 121 and 122 indicates

that the characterization made in terms of archetypal sub-

jects holds up fairly well for all the subjects entering

each Q group.

The graphs of the Q group profiles or configura-

tions, exhibited in Figures 18-21, can now be compared to

the graph of the profile of all children combined in the

younger group (ages 6-9), and the graph of the profile -rf

all children combined in the older group (ages 10-12) ob-

tained during the first year of testing. The latter profiles

are shown in Figure 22. It can be seen that these profiles

are quite flat. For the younger children (N=120), not

one of the subtest averages differed from the overall mean

score (6.0) by as much as one scaled score point. For the

older children (N=90) only two subtests were at least one

scaled score point above or below the overall mean (6.5).

These were Similarities, which was 1.5 points above the

mean and Mazes, which was 1.0 point below the mean. The
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means and standard deviations computed for each of these

age groups as a whole are presented in Table 123. If one

had only the information which is presented in this table,

one would conclude that these children could be character-

ized as subnormal, and that their performance was uniformly

and unrelievedly poor across all or almost all subtests.

It is now clear that such a characterization would

be rTrossly misleading since it would not reflect the marked

.ences that have been found to exist in uniquely per-

ing subgroups. The use of Q analyses has revealed the

axilence of markedly different clusters of children whose

ifferent patterns.of cognitive performance are obscured

by more simplistic analyses.

Stability of Q Group Loadings

The correlations between Q group loadings in year 1

with those in year 2 for the younger and for the older

children are presented in Table 124. For the older children

(ages 10-12 in year 1) , the correlation between the load-

ings on Q group I in years 1 and 2 and the correlation

between the loadings on Q group II in years 1 and 2 were

substantial (- = .67 and .76 respectively) . Thus, the

older children tended to maintain their rank in each Q

group from one year to the next. The younger children

(ages 6-9 in year 1), however, displayed a substantial
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correlation only between loadings on Q group I in years

1 and 2 (r = .66). Although the correlation between year

1 and 2 loadings on Q group II was statistically sig-

nificant (p < .01) it was at a much lower order of magni-

tude (r = .37) and was about the same as the correlation

between the loadings on Q group I in year 1 and the loading

on Q group II in year 2 (r = .36). Thus the second Q group

was not very stable for the younger children, either in

terms of the children who entered it (Table 124) or in

terms of the subtest profiles characterizing it (Tables 119

and 121). However, Q group I for the younger children and

both Q groups for the older children, were stable in terms

of the children entering them as well as in terms of the

subtest profiles.
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Table 112

Performance of Five Subjects on Six Tests

Hypothetical Example

Test

A B

Subject

C D E

1 10 8 5 5 6

2 5 4 10 6 7

3 5 4 10 7 8

4 10 8 5 7 8

5 10 8 5 6 7

6 8 4 8 5 6

385
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Table 113

Intercorrelations of Five Subjects - Hypothetical Example

Subject Coefficient

A

A

386

+1.0 -1.0 -.18 -.18

-1.0 -.18 -.18

.18 .18

+1.0
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Table 114

Ages of Children Entering Each of Six Q Analyses

Q Analysis Age N Year

1 6 7 8 9 120 1

2 7 8 9 10 109 2

3 7 8 9 10 120 1

4 10 11 12 90 1

5 11 12 13 89 2

6 10 11 12 90 2

Note. The children represented by a given age column are,
except for attrition, the same, e.g., children who
were 6 years old in year 1, were 7 years old in
year 2.
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Table 115

WISC Performance of Archetypal Younger Subjects

Test Statistic Q Group I

Age 6-9,Yr 1 Age 7-10,Yr 2 Age 7-10,Yr 1

A B A B A

'Scaled Score

Information R 4.50 7.33 3.50 8.67 6.17 6.17
SD 2.17 3.20 2.51 1.86 2.93 3.31

Comprehension R 4.67 7.17 4.00 7.33 6.17 5.17
SD 4.18 1.94 2.53 2.34 4.07 1.72

Arithmetic X 6.50 6.00 5.17 7.00 6.00 6.00
SD 3.27 2.10 3.19 2.53 2.53 4.47

Similarities R 3.83 10.67 4.50 9.17 5.83 8.83
SD 1.72 4.27 3.39 2.64 3.31 2.93

Vocabulary R 2.83 7.17 2.50 8.33 6.50 4.50
SD 2.23 2.40 2.26 2.34 5.05 2.07

Digit Span R 6.33 5.33 6.00 7.33 6.00 7.33
SD 3.72 1.75* 5.83 2.42 2.76 2.34

Picture Comp. R 7.83 7.33 8.17 7.83 8.33 5.67
SD 3.87 4.32 2.99 3.76 3.78 3.01

Picture Arrang. R 10.50 5.33 7.67 5.17 10.83 4.83
SD 3.08 3.01 2.81 2.32 2.64 1.94

Block Design R 9.33 5.33 10.00 5.50 8.17 5.33
SD 4.08 2.07 2.19 2.74 3.06 1.97

Object Assem. R 10.67 4.33 11.17 4.17 11.17 2.33
SD 3.08 2.25 2.56 2.23 3.37 1.97

Coding R 9.67 4.00 9.50 6.83 10.67 2.83
SD 4.03 3.79 4.o8 3.12 3.83 2.48

Mazes R 9.00 5.17 8.17 4.67 9.00 5.17
SD 1.79 2.86 2.93 2.25 1.41 2.93

Total R 7.30 6.40 6.70 6.85 7.88 5.35
SD 2.68 2.81 2.67 1.91 2.53 2.06
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Table 115 (continued)

WISC Performance of Archetypal Younger Subjects

Test 4Statistic Q Group I

Age 6-9,Yr 1 Age 7-10,Yr 2 Age 7-10,Yr 1

A B A B A
rt

Quotients

Verbal R 67.17 82.83 64.33 87.50 75.33 77.17
SD 16.22 14.11 18.34 12.39 18.02 14.05

Performance R 96.67 67.00 93.67 70.33 98.33 61.33
SD 18.39 19.68 17.41 13.16 17.49 12.96

Full Scale R 79.33 72.33 76.33 77.33 85.00 66.00
SD 18.84 18.21 19.48 13.91 18.73 14.78
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Table 115 (continued)

WISC Performance of Archetypal Younger Subjects

Test Statistic Q Group II

Age 6-9,Yr 1

A. B

Age 7-10,Yr 2

A B

Age 7-10,Yr 1

A

Scaled Score

Information 6.67 4.67 7.17 6.50 8.33 4.00
SD 1.75 3.50 2.23 2.17 2.88 1.26

Comprehension 17 4.83 6.33 5.50 6.50 6.00 3.50
SD 1.17 3.72 1.38 2.88 2.19 2.88

Arithmetic 4.83 4.00 6.00 4.33 5.67 5.83
SD 1.72 2.76 1.27 2.07 3.56 2.93

Similarities X 8.33 4.83 5.00 9.50 9.17 3.67
SD 3.72 2.40 0.89 1.05 3.25 1.63

Vocabulary 5.50 4.6/ 5.67 7.83 7.50 3.17
SD 2.74 3.61 0.82 2.40 3.67 1.84

Digit Span :7 8.67 4.00 7.17 4.50 6.50 7.67
SD 2.66 2.19 2.71 1.38 2.43 3.50

Picture Comp. 6.50 7.00 6.67 8.17 5.67 7.50
SD 1.52 3.52 2.25 3.06 3.98 2.43

Picture Arrang. X 5.83 8.83 6.33 6.83 6.17 7.17
SD 0.98 3.87 2.87 3.66 2.23 3.13

Block Design X 6.00 6.67 7.50 7.17 4.17 11.17
SD 2.28 3.08 2.67 2.14 3.87 2.32

Object Assemb. X 5.67 5.50 6.17 8.67 4.00 9.33
SD 1.63 4.04 2.79 2.87 2.97 3.14

Coding :7 11.17 2.00 12.33 4.33 5.67 6.50
SD 1.17 2.45 3.72 1.86 3.39 2.81

Mazes 6.00 6.00 7.00 5.50 3.17 7.67
SD 1.67 1.67 2.97 1.23 2.99 1.86

Total 6.67 5.35 6.88 6.65 6.05 6.42
SD 1.14 2.81 1.43 1.86 2.44 1.70
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Table 115 (continued)

WISC Performance of Archetypal Younger Subjects

Test Statistic Q Group II

Age 6-9,Yr 1 Age 7-10,Yr 2 Age 7-10,Yr 1

A B A B A

Quotients

Verbal R 78.17 67.00 75.67 78.00 82.50 66.67
SD 8.57 17.88 4.68 10.86 13.16 11.36

Performance )7 78.00 71.83 83.67 77.83 63.83 87.67
SD 8.15 19.53 16.79 14.73 20.16 13.41

Full Scale R 76.17 66.50 77.50 76.00 71.00 74.33
SD 8.70 20.22 10.25 13.39 17.29 12.79
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Table 116

WISC Performance of Archetypal Older Subjects

Test Statistic Q Group I

Age 10-12,Yr 1

A B

Age 11-13,Yr

A B

2 Age

A

10-12,Yr

Scaled Score

Information R 7.50 5.83 8.67 6.67 8.17 5.67
SD 2.26 1.33 0.82 1.21 1.47 2.25

Comprehension R 7.17 4.17 10.00 4.33 9.17 4.00
SD 3.71 2.14 4.05 2.16 2.99 2.76

Arithmetic 5.,.67 6.00 7.17 9.67 6.50 5.83
SD 3.08 2.90 2.71 3.45 1.38 3.37

Similarities 5 10.83 3.83 11.17 9.00 10.83 8.50
SD 2.14 1.83 1.83 0.89 0.98 2.35

Vocabulary ;7 9.00 3.67 9.83 4.00 9.83 4.50
SD 4.86 3.01 2.48 2.45 2.40 2.51

Digit Span R 6.83 7.17 6.50 11.33 6.50 8.00
SD 3.43 2.86 2.59 1.75 2.07 4.43

Picture Comp. R 5.50 7.00 8.50 6.67 8.33 5.50
SD 3.89 1.67 3.02 1.37 3.39 2.07

Picture Arrang. X 6.33 6.83 9.33 7.33 9.00 6.50
SD 4.32 3.25 2.50 2.07 2.90 3.08

Block Design R 4.00 9.50 6.67 9.33 7.00 8.83
SD 4.34 2.59 3.39 1.37 1.90 2.56

Object Assem. ;7 3.67 8.50 6.50 9.00 6.00 9.50
SD 2.88 1.97 3.51 1.67 3.03 3.39

Coding R 4.50 8.17 6.00 9.67 5.67 10.33
SD 3.73 2.93 2.76 3.93 2.34 3.83

Mazes R 2:50 7.67 5.00 8.50 4.67 8.33
SD 1.97 2.16 2.61 2.74 2.73 1.97

Total ;7 6.12 6.53 7.93 7.98 7.63 7.12
SD 2.95 1.63 2.11 1.08 1.75 2.44
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Table 116 (continued)

WISC Performance of Archetypal Older Subjects

Test Statistic Q Group I

Age 10-12,Yr 1 Age 11-13,Yr 2 Age 10-12,Yr

A B A B A

Quotients

Verbal 17 86.67 69.17 92.50 84.17 90.50 75.17
SD 18.29 11.69 11.36 7.57 8.76 17.21

Performance )7 61.00 85.67 79.33 88.67 77.50 86.83
SD 22.14 10.78 16.91 8.66 16.27 15.75

Full Scale R 72.17 79.83 85.17 85.17 83.00 79.00
SD 21.59 9.30 14.77 8.03 12.70 17.85
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Table 116 (continued)

WISC Performance of Archetypal Older Subjects

Test Statistic Q Group II

Age 10-12,Yr 1 Age 11-13,Yr 2 Age 10-12,Yr 2

A B A, B A B

Scaled Score

Information 8.83 6.17 9.50 5.67 9.00 7.33
SD 2.14 1.72 1.97 1.03 2.19 2.34

Comprehension )7 4.67 7.00 2.50 6.83 2.17 6.50
SD 1.51 1.79 0.84 _2.32 0.41 1.64

Arithmetic 9.50 5.50 6.00 7.33 6.00 7.17
SD 3.21 1.76 2.83 1.03 2.83 1.83

Similarities R 7.50 8.83 9.00 9.17 8.67 8.33
SD 2.26 1.17 1.79 0.41 1.97 1.75

Vocabulary R 7.00 6.83 5.67 7.83 5.67 8.00
SD 1.79 2.79 2.87 2.64 2.87 3.52

Digit Span R 11.33 5.33 9.50 6.83 8.33 6.67
SD 1.37 1.03 2.67 1.83 3.33 1.97

Picture Comp.- le 5.17 8.33 3.50 12.00 3.33 11.50
SD 2.93 2.25 1.52 0.89 1.37 1.87

Picture Arrang. X 6.00 9.33 4.83 9283 4.17 10.17
SD 2.37 2.34 2.79 2.99 3.43 3.13

Block Design le 5.67 8.33 4.33 12.17 4.17 11.33
SD 2.16 1.63 1.75 2.14 1.94 2.16

Object Assem. 3.17 11.33 1.50 11.50 1.50 11.83
SD 2.40 2.66 1.38 2.43 1.38 2.79

Coding 6.00 6.67 4.50 9.50 4.00 9.83
SD 1.41 2.50 2.67 2.88 2.83 2.71

Mazes X 4.00 8.00 3.83 10.50 3.83 10.67
SD 2.76 2.68 3.37 2.34 3.37 2.34

Total X 6.73 7.63 5.42 9.12 5.08 9.13
SD 1.48 1.10 1.40 0.77 1.65 1.20
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Table 116 (continued)

WISC Performance of Archetypal Older Subjects

Test Statistic Q Group II

Age 10-12,Yr 1 Age 11-13,Yr 2 Age 10712,Yr

A B A B A

Quotients

Verbal )7 88.33 78.50 81.50 83.00 79.00 83.50
SD 8.36 8.04 8.64 4.20 10.45 7.66

Performance )7 65.50 91.00 56.33 106.67 54.50 106.50
SD 11.57 8.27 11.41 7.58 12.68 9.23

Full Scale R 75.17 83.00 66.67 93.67 64.17 93.67
SD 9.04 7.87 10.61 5.89 12.42 8.87

2
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Table 117

WISC Performance of All Subjects - Younger Group

Test Statistic

Age 6-9,Yr 1

A
N=28 N=37

4
Q Group I

Age 7-10,Yr 2

A.

N=30 N=32

Age 7-10,Yr 1

A
N=30 N=29

Scaled Score

Information 5.21 6.64 4.97 7.28 5.87 5.83
SD 2.28 2.79 2.41 2.77 2.27 2.30

Comprehension R 5.14 5.78 5.13 6.91 5.83 5.38
SD 3.11 1.97 2.75 2.62 2.72 2.04

Arithmetic 5.67 5.37 5.23 5.22 4.33 5.62
SD 2.61 2.45 2.76 2.91 2.47 2.54

Similarities 4.78 7.62 5.63 7.53 5.33 6.83
SD 2.08 3.28 2.95 2.75 2.54 2.45

Vocabulary 4.03 6.37 4.47 6.16 6.03 5.03
SD 2.67 2.95 2.64 2.14 3.42 1.78

Digit Span 6.17 5.62 6.30 6.06 5.30 6.52
SD 2.75 2.07 3.41 2.56 2.51 2.67

Pic. Comp. 7.17 6.45 7.77 6.13 6.80 6.72
SD 3.59 2.92 2.53 3.05 3.43 2.67

Pic. Arrang. 8.00 5.18 7.60 5.16 7.83 4.97
SD 3.51 2.87 3.35 3.05 3.16 2.44

Block Design 8.50 6.00 8.60 5.53 6.27 6.28
SD 3.34 3.05 2.82 2.70 3.22 2.51

Object Assem. 8.53 4.51 9.07 4.13 8.53 3.65
SD 3.46 2.79 3.34 2.24 3.06 1.82

Coding 7.85 4.67 8.10 6.34 7.47 4.48
SD 3.34 2.93 3.29 3.22 3.60 3.13

Mazes 7.28 5.43 7.33 5.13 6.43 5.38
SD 2.07 2.43 2.12 2.35 2.31 2.21

Total re 6.53 5.82 6.68 5.96 6.37 5.55
SD 2.20 2.19 2.20 2.12 2.27 1.70
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Table 117 (continued)

WISC Performance of All Subjects - Younger Group

Test Statistic

Age 6-9,Yr 1

.A B

Q Group I

Age 7-10,Yr 2

A B

Age 7-10,Yr 1

A B
N=28 N=37 N=30 N=32 N=30 N=29

Quotients

Verbal R 69.78 76.32 70.57 78.13 71.87 74.10
SD 12.93 13.27 14.40 13.24 13.26 10.16

Performance )7 85.53 67.78 86.57 68.13 80.70 66.90
SD 18.18 16.25 16.36 15.60 18.33 13.77

Full Scale )7 75.14 69.43 76.17 70.91 73.93 67.72
SD 15.97 15.81 16.12 15.39 16.50 12.32
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Table 117 (continued)

WISC Performance of All Subjects - Younger Group

Test Statistic

Age 6-9,Yr 1

A B
N=25 N=30

Q Group II

Age 7-10,Yr 2

A B
N=20 N=27

Age 7-10,Yr 1

A B
N=31 N=30

Scaled Score

Information 7 6.60 4.40 6.00 5.74 7.19 5.20
SD 2.00 2.27 1.89 2.52 2.45 2.38

Comprehension 7 5.40 5.63 4.95 5.78 6.07 5.47
SD 1.87 2.57 1.67 2.53 2.29 2.99

Arithmetic 5.36 4.46 5.80 3.55 5.13 5.17
SD 2.40 2.57 1.67 2.14 3.09 2.55

Similarities 7 6.64 4.90 5.75 7.63 8.10 4.83
SD 2.90 2.15 1.71 3.10 3.19 2.27

Vocabulary 7 6.52 3.96 4.95 6.11 7.19 3.53
SD 2.86 2.77 0.95 3.15 2.94 2.37

Digit Span 7 7.64 4.33 7.60 5.11 6.29 6.73
SD 2.66 2.07 2.68 2.85 2.43 2.66

Pic. Comp. 7 7.00 6.10 6.05 7.41 6.13 6.97
SD 2.36 3.34 1.96 2.82 3.07 3.27

Pic. 7 6.16 6.86 5.40 5.85 6.29 6.70.Arr.
SD 1.95 2.86 2.56 3.82 2.83 3.35

Block Design 7 5.36 6.30 7.60 6.48 5.77 8.33
SD 2.36 2.67 2.52 3.35 3.56 3.19

Object Assem. R 6.08 5.30 5.40 7.00 5.45 7.00
SD 2.74 2.81 2.60 3.49 2.90 3.35

Coding R. 8.64 3.10 9.20 4.33 6.65 5.80
SD 2.45 2.15 3.17 2.68 3.23 2.61

Mazes R. 5.88 6.26 6.40 5.55 4.68 7.10
SD 2.07 1.86 2.06 1.91 2.61 2.01

Total )7 6.43 5.13 6.26 5.88 6.25 6.06
SD 1.57 2.07 1.27 2.45 2.26 2.08
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Table 117 (continued)

WISC Performance of All Subjects - Younger Group

Test Statistic Q Group II

Age 6-9,Yr 1 Age 7-10,Yr 2

A B A B,

Age 7-10,Yr 1

A
N=25 N=30 N=20 N=27 N=31 N=30

Quotients

Verbal R 77.32 66.17 74.15 72.70 79.07 69.83
SD 10.63 12.88 6.51 15.09 13.40 12.70

Performance Te 75.80 69.83 76.60 72.81 70.90 79.17
SD 11.23 15.32 12.24 18.10 17.65 16.64

Full Scale R '4.40 64.86 72.90 70.26 72.81 71.70
SO ,1.87 15.11 9.28 17.73 16.31 15.21
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Table 118

WISC Performance of All Subjects - Older Group

Test Statistic

Age 10-12,Yr 1

A B
N=22 N=28

Q Group I

Age 11-13,Yr 2

A B
N=22 N=16

Age 10-12,Yr 2

A B
N=23 N=17

Scaled Score

Information R 6.95 6.10 7.36 5.94 7.70 5.71
SD 2.61 1.81 2.24 1.98 2.42 2.14

Comprehension R 6.90 4.85 7.64 4.06 7.52 3.82
SD 2.58 1.80 3.36 1.84 3.03 2.16

Arithmetic )7 5.36 6.42 6A0 7.50 6.26 5.77
SD 3.00 2.70 3.04 3.14 3.00 2.36

Similarities Y 9.77 6.64 9.23 7.44 9.35 7.18
SD 2.67 2.93 2.93 2.00 2.79 2.38

Vocabulary R 7.09 5.03 7.55 4.06 7.61 4.12
SD 3.83 2.52 3.03 2.38 3.01 2.39

Digit Span R 6.22 7.75 6.41 9.25 6.83 7.82
SD 2.39 1.90 3.35 3.87 3.34 3.21

Picture Comp R 6.00 6.96 7.59 6.56 8.04 6.29

SD 3.95 1.81 3.17 1.37 3.21 1.69

Picture Arrang. 6.50 6.25 7.64 7.44 8.09 6.35
SD 3.45 2.38 3.58 2.39 3.65 2.50

Block Design R 5.09 7.75 5.45 8.37 6.04 7.59
SD 2.94 2.90 2.63 2.00 2.67 2.57

Object Assem. Y 4.54 7.71 5.73 7.87 5.78 7.59
SD 2.96 2.84 3.28 2.83 2.89 2.87

Coding R 5.40 7.53 5.86 8.25 6.26 8.77
SD 3.40 2.41 2.64 3.47 2.73 3.67

Mazes R 3.72 6.96 4.96 7.25 5.13 7.41
SD 2.00 2.08 2.75 2.57 2.73 1.91

Total R 6.13 6.64 6.78 7.01 7.06 6.53
SD 2.38 1.69 2.47 1.78 2.42 1.71
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Table 118 (continued)

WISC Performance of All Subjects - Older Group

Test Statistic

Age 10-12, Yr I

A B

Q Group I

Age II-I3,Yr 2

A B

Age IO-I2,Yr 2

A B
N=22 N=28 N=22 N=16 N=23 N=17

Quotients

Verbal )7 81.68 75.78 83.36 77.25 84.52 73.18
SD 14.22 11.68 16.01 12.01 15.69 11.58

Performance- R 67.04 80.53 73.64 83.25 76.13 81.18
SD 18.47 12.16 17.39 12.30 17.21 12.10

Full SCale R 72.13 75.92 76.73 78.25 78.65 76.77
SD 17.39 12.24 17.92 12.89 17.63 12.45
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Table 118 (continued)

WISC Performance of All Subjects - Older Group

Test Statistic

Age 10-12,Yr 1

A
N=19 N=21

Q Group II

Age 11-13,Yr 2

A B-
N=25 N=26

Age 10-12,Yr 2

A
N=22 N=23

Scaled Score

Information 8.00 5.80 7.80 5.77 8.00 5.91
SD 2.43 1.78 2.80 1.77 2.47 1.93

Comprehension 4.57 7.09 4.36 5.89 4.45 6.48
SD 1.50 2.70 2.43 2.41 2.75 2.04

Arithmetic 7.47 5.33 6.44 5.73 5.95 5.39
SD 3.20 1.96 2.50 1.89 2.70 2.33

Similarities 8.26 8.04 8.96 8.11 8.82 7.52
SD 2.71 2.87 1.67 1.99 2.11 2.64

Vocabulary Tc- 6.68 6.28 5.48 6.31 5.73 6.26
SD 2.45 2.88 2.18 2.19 2.60 2.62

Digit Span 9.05 5.52 8.56 6.39 7.95 6.48
SD 2.97 2.52 3.01 1.98 3.18 1.67

Picture Comp. 5.68 7.85 5.32 8.31 4.64 8.74
SD 2.83 2.80 2.53 2.74 2.17 2.36

Picture Arrang. 5.47 7.42 6.44 7.00 5.00 8.04
SD 3.39 2.66 3.37 2.79 3.15 3.70

Block Design 6.26 7.80 5.16 8.58 5.14 8.17
SD 2.51 2.23 2.51 3.00 2.71 2.77

Object Assem. 4.57 8.57 3.44 9.11 3.64 8.96
SD 2.59 3.49 2.20 2.72 2.40 3.31

Coding 'R 6.36 6.14 6.40 7.35 6.45 7.13
SD 1.83 2.95 3.20 2.88 3.03 3.36

Mazes 4.47 6.33 5.36 8.46 4.91 7.39
SD 2.29 2.33 2.56 2.96 2.96 3.39

Total 6.37 6.76 6.15 7.23 5.89 7.22
SD 1.89 1.85 1.91 1.73 2.07 1.99
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Table 118 (continued)

WISC Performance of All Subjects - Older Group

Test Statistic

Age 10-12,Yr 1

B
N=19 N=21

Q Group II

Age 11-13,Yr 2

A B
N=25 N=26

Age 10-12,Yr 2

A A B
N=22 N=23

Quotients

Verbal 31. 83.15 77.14 80.72 77.35 80.09 77.26
SD 12.93 12.54 11.92 9.57 13.79 10.33

Performance R 68.36 81.66 67.68 87.08 65.05 86.65
SD 14.04 13.47 15.52 15.11 15.11 17.40

Full Scale 5E 73.78 77.42 72.16 80.19 70.41 79.91
SD 13.79 13.48 14.07 12.54 15.26 14.47

(1.
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Table 119

Profile of Mean WISC Subtest Performance of Q Subgroups - Archetypal Younger Subjects

Score Age 6-9

Yr 1

QIA QIB

Age 7-10

Yr 2

QIA QIB

Age 7-10

Yr 1

QIA QIB

Inform,

Comp.

L

L

L

L

H L

L

Arith. L L

Skil. L H L H L H

Vocab. L L H L

D.S. L L H

P.C. H

P.A. H L L H

B.). HL HL
O.A. HLHLH L

Coding H L H HLHL
Mazes HLHLH
VQ 67, 83 64 88 75 77

PQ 97 67 94 70 98 61

FSQ 79 72 76 77 85 66

Age 6-9 Age 7-10 Age 7-10

Yr 1 Yr 2 Yr 1

QIIA QIIB QIIA QIIB QIIA QIIB

H

L L

L L L

H LHHL
L L H L

H L L H

H ,H H

H

H L H

L H L HHL
L L H

78 67 76 78 83 67

78 72 84 78 64 88

76 67 78 76 71 74

Note: H = subtest mean > one scaled score point above mean of all subtests

for subgroup.

L = subtest mean.< one scaled score point below mean of all subtests

for subgroup.
0

4 05



Table 120

Profile of Mean WISC Subtest Performance of Q Subgroups - Archetypal Older Subjects

Score Age 10-12

Yr 1

=a411

QIA QIB

Age 11-13 Age 10-12 Age 10-12 Age 11-13 Age 10-12

Yr 2 Yr 2 Yr 1 Yr 2 Yr 2

QIA QIB QIA QIB QIIA QIIB QIIA QIIB QIIA QIIB

Inform. H

Comp.

Arith.

Simil. H L

Vocab.

D.S.

P.C.

P.A.

B.O. L H

O.A. L H

Coding L H

Mazes L H

VQ 87

PQ 61

FSQ 72

II L H LLHLLHLLHL
HH HH
HL HL
L H L

L H

L H L H

LH LHLHLHL
69 93 84 91 75 88 79

86 79 89 78 87 66 91

80 85 85 83 79 75 83

L L

H L H L

L H

L H

L H L H

L H L H

82 83

56 107

67 94

79 84

55 107

64 94

Note: H = subtest mean > one scaled score point above mean of all subtests for subgroup.

L = subtest mean < one scaled score point below mean of an subtests for subgroup.
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Table 121

Profile of WISC Subtest Performance of Q Subgroups - All Younger Children

Score Age 6-9 Age 740 Age 7-10 Age 6-9 Age 7-10 Age 7-10

Yr 1 Yr 2 Yr 1. Yr 1 Yr 2 Yr 1

QIA QIB QIA QIB QIA QIB QUA QIIB QIIA QIIB QIIA QIIB

N = 28 37 30 32 30 29 25 30 20 27 31 30

Inform, L L H

Comp.

Arith.

Simil, LH LHLH
Vocab. L

D.S.

P.C. H H

P.A. H H . H

B.D. H H L H

O.A. HL HLHL
Coding H L H H L H L

Mazes

VQ

PQ

PSQ

70

85

75

L L

H H L

L H

76 71 78 72 74 77 66 74 73 79 70

68 87 68 81 67 76 70 77 73 71 79

69 76 71 74 68 74 65 73 70 73 72

Note: H = subtest mean > one scaled score point above mean of all subtests for subgroup.

L = subtest mean < one scaled score point below mean of all subtests for subgroup.
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Table 122

Profile of WISC Subtest Performance of Q Subgroups All Older Children

Score Age 10-12 Age 11713 Age 10-12 Age 10-12 Age 11-13 Age 10-12

Yr 1 Yr 2 Yr 2 Yr 1 Yr 2 Yr 2

QIA QTB QIA QIB QIA QIB QIIA QIIB QIIA QIIB QIIA QIIB

N = 22 id 22 16 23 17 19 21 25 26 22 23

Inform. L H L H L

Compr. L L L 1 L

Arith. H L L L

Simil. H H H H H H H

Vocab. L L

D.S. H H H H L H

P.C. H H L H

P.A. H

B.D. LHLHLH H

O.A. L H L LHLH L H L H

Coding H H

Mazes L L L L H

VQ 82 76 83 77 85 73 83 77 81 77 80 77

PQ 67 81 74 83 76 81 68 82 68 82 65 87

FSQ 72 76 77 78 79 75 73 77 72 80 70 80

Note: H = subtest mean > one scaled score point above mean of all subtests for subgroup.

L = subtest mean < one scaled score point below mean of all subtests for subgroup.

ts.)
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Table 123

Average Subtest Performance, All Subjects Combined, Year 1

Subtest Statistic Age 6-9 Age 10-12
N=120 N=90

Scaled Scdre

Information :7 5.74 6.64
SD 2.55 2.27

Comprehension ;7 5.52 5.82
SD 2.40 2.44

Arithmetic R 5.22 6.13
SD 2.52 2.83

Similarities Y 6.07 8.08
SD 2.93 3.00

Vocabulary 5? 5.26 6.18
SD 3.04 3.02

Digit Span :7 5.85 7.13
SD 2.60 2.72

Picture Comp. R 6.65 6.65
SD 3.09 2.87

Picture Arrang. :7 6.47 6.42
SD 3.03 2.98

Block Design :7 6.53 6.80
SD 3.08 2.88

Obj. Assembly R 5.97 6.48
SD 3.29 3.43

Coding :7 5.89 6.44
SD 3.49 2.79

Mazes R 6.15 5.48
SD 1.75 2.54

Total :7 5.94 6.49
SD 2,10 1.94

Quotient

VQ R. 72.49 79.10
SD 13.19 12.95

PO R 74.19 74.93
SD 16.93 15.85

FSQ :7 70.66 74.90
SD 15.27 14.14
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Table 124

Correlations Between Year 1 and Year 2 Q Group Loading

Variable Group

Younger Older
Year 2 Year 2

QI QII QI QII

QI loading, year 1 .66** .36** .67**

QII loading, year 1 -.23* .37** .01 .76**

* p < .05

** p < .01
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Chapter 11. PMA Patterns of Mental Ability:

A Regression Analysis

It has been frequently asserted that the structure

f intelligence' changes with age. Bayley (1970) in a de-

tailed review of the literature concluded that there are

"multiple mental abilities which develop in different ways."

Haaever, the work that has been reported has been largely

based on studies of normal children. Little, if anything,

can be found that deals with this problem through the study

of neurologically impaired children.

The preSent set of data lent itself admirably to

such a study. The PMA contains a number of subtests which

purport to measure independent aspects of intelligence--

verbal perceptual speed, numerical, sptial and reasoning
-

abilities. If the structure of intelligence does, indeed,

change with age, then such changes might be expected to be

manifested in the PMA by the differences in subtest pat-

terns that characterize different age levels. Hence, the

problem was simply one of determining whether the pattern

of test scores on the four subtests of the PMA (since only

the oldest children took the Reasoning subtest this was

omitted) differed across the age dimension. Since a

3.06
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traditional two-way analysis of variance was not possible

due to the number of subjects in the design, it was decided

to do an analysis of variance computed through the applica-

tion of regression procedures with code numbers. Dummy

code numbers from a table of orthogonal polynomials were

entered to represent each cell in the desi,-.4n on the inde-

pendent variables. The appropriate orthogonal polynomials

were drawn from Kirk (1968) which cdntains a relevant dis-

cussion of analysis of trend. Fifteen independent variables

were conceptualized in this fashion. These include a

linear, quadratic and cubic term for age; a linear, quadratic

and cubic term for the PMA patterns; and finally, and most

importantly, the nine interaction t6rms.. It is these latter

interaction terms that will determine the presence of pat-

tern differences across age.

Subjects

The subjects included all the children in all four

years ofthe study. In'the first year of the study there

were thirty children at each age level from 6 years through

12 years. The second, third and fourth years of the study

(despite attrition) permitted the development of over-

lapping cohorts and the repeated testing of all (or almost

all of the) children previously tested in the-first year.

Hence, children who became 9 in the second, third and fourth
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year of the study could be added to those who were 9 in

the first year. In this manner, the size of the N at each

age level was greatly increased.

Results

Table 125 shows the mean scores that characterize

each age cohort for each subtest of the PMA. The IQ scores

range from a low of 65 (Numerical, age 7) to a high of 94

(Spatial, age 15). The scores, in the main, hover in the

70's and 80's and indicate a range of ability in all four

areas of function within the borderline -Eo dull-normal

levels. It is also apparent that scores in all four areas

of function increase steadily with age; that at earlier

ages the children function at borderline levels, and that

by age 15 years, the intellectual ability of these children

has reached into the normal range for three of the four

areas of function tested and into dull-normalcy for the

fourth area.

Table 126 presents those findings of the regression

analysis that are significant. In the top half of the

table the significant trends for age and for pattern are

shown. It is clear from these results that the factor of

age is dominant and that it alone is responsible for more

than 68% of the observed variation, and that the age trend

is linear, i.e. regardless of the subtest or combination of
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subtests considered, all scores increase regularly with age.

This is shown graphically in Figs. 23 and 24 (which-also

include the Reasoning subtest). However, significant por-

tions of the variation may also be attributed to a linear,

quadratic and cubic trend in the pattern of the subtests

regardless of age. That is, there is a general tendency for

scores in the spatial and numerical areas of function to be

lower than those in the perceptual speed and verbal areas.

In the lower half of Table 126 the interactions

that proved to be significant are presented. A linear

trend for age interacted significantly with a linear trend

for pattern, but this accounted for only 2% of the observed

variation and while statistically significant does not ap-

. pear to be psychologically meaningful. The same appears to

hold for the three other significant interactions reported.

In fact, as can be seen from this table the combined effect

of all four significant interactions does not account for

more than 5% of the observed variation. Hence, it must be

inferred that while there is an overwhelming age trend, and

while there are certain general trends in the ;verall pat-

terning of subtests, there are not patterns of subtest

scores.that characterize particular age groupings. That is,

despite the frequently reported findings (Honzik, Macfarlane

and Allen, 1948; Sontag, Baker and Nelson, 1958; Bayley,

1949) that large IQ shifts occur with increasing age in
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normal children, the present findings failed to identify

any systematic changes, i.e. age-specific patterns .iq-chil-

dren with brain damage. Fig. 25 illustrates the relative

proportions of variation attributable to age, pattern and

interactions of age and pattern.
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Table 125

PMA Subtest Scores For Age Cohorts

Subtest 6 7 8 9 10 12 13 14 1511

Verbal 30 58 84 110 105 105 111 82 46 20

73.77 76.36 80.66 84.79 85.86 89.97 91.33 86.19 87.63 92.65

S.D. 15.14 19.85 20.18 17.15 16.90 15.17 13.90 17.56 17.13 15.14

Perceptual N 30 58 84 110 105 105 111 82 46 20

x 77.73 76.75 76.19 82.45 86.23 87.19 89.15 86.19 87.63 92.65

S.D. 18.16 20.15 19 35 19.19 18.51 17.62 16.26 17.56 17.71 15.14

Numerical N 30 58 84 110 105 105 111 85 57 23

68.27 65.06 67.02 70.29 73.81 78.28 81.55 80.42 84.14 86.95

S.D. 14.07 14 05 14.22 16.05 17.02 17.38 17.46 15.57 16.30 17.56

Spatial N 30 58 84 110 105. 105 111 85 57 23

68.30 70.75 72.17 77.47 79.38 84.61 87.30 88.00 92.61 94.13

S.D. 16.70 20.26 21.00 19.94 21.11 20.14 19.20 20.36 18.67 21.11
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Table 126

PMA Test:

Regression Analysis for Pattern Differences

Independent
Variable F Value % F Variation

Linear (Age) F1,38
= 82.7* 68.5%

Linear (Pattern) F1,35
= 14.1* 8.7%

Quadratic (Pattern) F
1,34

= 10.6* 5.2%

Cubic (Pattern) F 39.1*
9.0%

1,33 91.4%

Pattern Differences Across Age

Linear (Age) x
Linear (Pattern) F1,32

= 12.0* 2.1%

Linear (Age) x
Quadratic (Pattern) F

1,31
= 4.8* 0.7%

Quadratic (Age) x
Linear (Pattern) F1,29

= 0.8%

Quadratic (Age) x
Quadratic (Pattern) F = 4.7* 0.5%

1,28 5.1%

t p < .01 96.5%
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Age trend of PM A scores:
Semi-longitudinal data
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5.1% of

age and pattern

22.9%
Patterns alone (linear
quadratic&cubic trends)

68%
Age alone
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Amount of variation accounted for by age, patterns
and interactions in the P MA.

Figure 25
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Chapter 12. Patterns of Ability and Behavioral

Status on a Classroom-Specific Basis

The formation of self-contained classrooms for

brain damaged children was initially based on the assump-

tion that medical data was relevant to the educational

concern with grouping students. Recent discussion has

tended to discount the role of medical homogeneity, and

suggests that such medical criteria are irrelevant to the

educational purposes and goals of school classrooms (Birch

and Bortner, 1968; Gallagher, 1960; Goldstein, 1956). In

the attempt to identify those criteria which would enable

educational interests to be more effectively realized,

several workers have sought to identify'differing patterns

of mental abilities and educational performance within

retarded and brain damaged populations (Bortner and Birch,

1962, 1970; Feldman, 1953; Baumeister and Bartlett, 1962a,

b). Underlying this work was the clear suggestion that the

classroom homogeneity achieved primarily on the medical

model could be expected to result in heterogeneity on other

more educationally significant variables. However,

empirical data is needed to determine the extent to which

such homogeneity and heterogeneity of mental abilities,

316
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academic achievement and behavioral status exist. The pur-

pose of this study, then, was to examine the composition

(with respect to the homogeneity-heterogeneity issue) of

classrooms for brain damaged children on selected measures

of cognitive and behavioral status. Moreover, the study of

classroom composition may be viewed as an extension of or

next step in the concern with patterns of abilitieS'. The

realities of special class placement suggest that it may be

advantageous to organize data along classroom-specific lines.

Ultimately, such information can serve as a context within

which to study instructional variables and teacher be-

haviors. This study, then, reports on a classroom-specific

analysis of several educationally relevant Variables in-

cluding the child's reading achievement, intelligence, and

behavioral status as rated by the teacher.

Method

Sample

The classroom data examined in this study were col-

lected during the first two years of the parent four-year

longitudinal study of brain damaged children. The sample

consisted of 22 classrooms (6 to 8 pupils each; 6 to 11

years of age) from year one, and the same 20 classrooms a

year later. Assignment to a particular class was based on

the attempt to keep children of similar reading level
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together. Thus, teachers, administrators and related

personnel jointly participated in the decision-making

process of classroom assignment. It is important to note

that a conscious attempt was also made to.make the class-

rooms viable (homogeneous?) by not bringing those children

together who were greatly different from each other either

in physical size or in behavioral attributes.

Instruments

The cognitive measures consisted of the grade

equivalent scores for Word Knowledge (K), Word Discrimination

(D), and Reading (R) from the Metror)olitan Achievement Test

(MAT): the Verbal (V) and Performance (P) quotients of the

Wechsler Intelligence Scale for Children (WISC), and the

Verbal Meaning (V), Perceptual Speed (P), Number (N), and

Spatial (S) quotients of the SRA Primary Mental Abilities

Test (PMA). Analyses of the same set of measures for the

20 classrcoms from year two were intended to provide an

index of cross-validation. Behavioral descriptions from

two teacher-rated behavior checklists were available for

year two only. The Rutter (RUT) provides a teacher-rated

assessment of the child's classroom behavior and yields

scores in the following areas of problem behavior: Neu-

rotic (N), Anti-Social (AS), are.. Total (T) problem'be-

havior (Rutter, 1967). The Quay (QUA) is a factor ana-

lytically derived rating scale similar to the RUT that
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assesses frequently occurring problem behavior traits in

children and adolescents (Quay and Peterson, 1967; Quay,

1963; Quay, Morse and Cutler, 1966). The dimensions of the

problem behavior measured by the Quay checklist include:

Conduct (C) disorder (psychopathy, unsocialized aggression),

Personality (P) disorder (neuroticism, anxious-withdrawn),

Inadequacy (I) disorder (immaturity), and a score reflecting

Total (T) behavior problems.

Analyses

Two related empirical procedures were employed to

examine the composition of the special classrooms. Each

procedure was based on the conceptualization of the homo-

geneity-heterogeneity issue in terms of within- and

between-class Variation. If each classroom represents a

homogeneous group with respect to a particular variable,

there should be very large differences between the means

of the classrooms, while the range of differences within

the classrooms should be very small and uniform. This

statement was summarized statistically and initially ex-

amined as follows: (a) the standard deviation of a set of

classroom means (SDm ) should exceed the mean of the class-

room standard deviations (Msd
), and (b) the standard

deviation of the classroom standard deviations (SDsd
)

should approximate zero. Any departure from the above would

indicate that the classrooms tend to14ard heterogeneity
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(Smith, 1974). Second, in order to describe classroom

composition more clearly, an index, SDni2/(SDr2n + Ms2d) was

defined and employed as an estimate of the proportion of

total variance attributable to between-class differences,

while its reciprocal, Msd2 /1 (SD2m + M2sd ) provided an esti-

mate of the proportion of total variance due to within-

class differences. The obtained proportions were then

plotted for each variable in the study. Classrooms were

interpreted to be generally homogeneous on variables ex-

ceeding 70% for between-class differences, and generally

heterogeneous on variables exceeding 70% for within-class

differences.

Results

The mean (M) and standard deviation (SD) of the

classroom means (m) and standard deviations (sd) for each

of the variables for year one and two ate presented in

Table 127 Examination of the pattern of relationships

among the values demonstrates that the classrooms do in-

deed tend toward homogeneity on the cognitive (achievement)

behaviors measured by the MAT. Regarding the MAT-K, for

example, the standard deviations of the classroom means

(SDm ) for years one and two were 1.0 and 1.2. These

values, of course, exceed .5 and .6, the mean classroom

standard deviations (Msd ) for each year. In addition, the
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Descriptive Statistics For Classroom Measures

Measure
Year

Onea

Year

Twob
Measure

Year

Onea

Year

TWob

Mc SDd Mc SDd mC SDd Mc SDd

WISC(V)m 79.5 8.4 80.7 8.9 MAT(D)sd .6 .2 .6 .2

WISC(V)sd 8.6 2.4 8.3 2.7 'MAT(R)m 2.6 1.0 3.6 1.2

WISC(P)m 78.6 8.6 80.5 10.0 MAT(R)sd .4 .2 .6 .3

WISC(P)sd 11.9 4.2 13.2 4.3 RUT(AS)m - - 2.5 1.7

PMA(V)m 78.1 6.5 93.8 7.8 RUT(AS)sd - - 2.3 1.3

PMA(V sd 13.6 5.1 12.6 5.8 - - 1.6 1.1

PMA(P m 87.3 7.7 91.7 9.5 RUT N)sd - - 1.5 .6

PMA(P sd 14.1 4.1 13.2 4.3 RUT T)m - - 9.6 5.6

.PMA(N)m 78.1 9.1 81.4 12.0 RUT T)sd - - 4.9 2.4
PMA(N)sd 11.0 3.8 11.1 5.4 QUA(C)m - - 5.7 3.1

PMA(S)m 85.5 8.4 88.9 10.7 QUA(C)sd - 4.2 1.4

PMA(S)sd 15.7 3.7 15.3 3.5 QUA(P)m - - 5.2 2.8
MAT(K)m 2.8 1.0 3.5 1.2 QUA(P)sd - 2.7 .9

MAT(K)sd .5 .2 .6 .2 QUA(I)m - 2.1 1.5

MAT(D)m 3.0 1.1 3.5 1.0 QUA(I)sd - - 1.4 .6

a Data based on an N of 22 classrooms.

.b
Data based on an N of 20 classrooms.

Mean of the classroom means (m) and mean of the classroom standard

deviations (sd).

Standard deviation of the classroom means (m) and standard deviation of

the classroom standard deviations (sd).
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standard deviation of_the classroom standard deviations

(SD
sd

) is .2 for each year and does approximate zero.

However, on the other measures of cognitive status (intel-

ligence) as well as on the ratings of behavioral status,

the classrooms exhibit considerable heterogeneity. For

example, on the PMA (V), the SDm's for year one and two

were 6.5 and 7.8 while the M
sd

's were 13.6 and 12.6, just

the opposite of what would be expected under homogeneity.

At the same time, the SDsd's for each year were 5.1 and 5.8

which certainly do not approximate zero. A picture of

classroom composition was then obtained by plotting esti-

mates of the proportions of within- and between-class

variance for both years (see Figure 26). The graph

visually depicts the classrooms to be generally homogeneous

(more than 70% variation between-classes) on the MAT

measures and moderately (approximately 50% variation

between-classes and 50% within-classes) to markedly (more

than 70% variation within-classes) heterogeneous on the

PMA, WISC, RUT, and QUA. Furthermore, where the same mea-

sures are available for both years, the data indicate very

little change in classroom structure.
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Discussion

The results demonstrate that the composition of

this sample of classrooms for brain damaged children varies

considerably depending on the specific type of cognitive

and behavioral variables being considered. This suggests

that when classroom homogeneity is based primarily either

on the medical model or on certain types of achievement, a

similar homogeneity is not necessarily obtained on other

equally important educational variables. It would appear,

then, that the terms "homogeneity" and "heterogeneity"

per se have little educational meaning without additional

qualification as to the exact basis of their application.

The present findings also suggest that studies of the

efficacy of grouping proc0,-.es based on "homogeneity" may

be difficult to interpret since the results are likely to

be a function of both homogeneity on the variables specifi-

cally employed in the study and unspecified heterogeneity on

other unknown and uncontrolled variables whose influence is

unknown (cf. Esposito, 1973).

The results obtained here are remarkably identical

to data reported on both regular and self-coAained educable

mentally retarded classrooms employing analogous types of

cognitive variables (Lohnes, 1972; Smith, 1974). Moreover,

these comparisons suggest that classrooms for brain damaged

children evidence the same extent of individual differences
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found in other types of classrooms, albeit at different

levels of cognitive performance. Of course, a more com-

plete statement regarding such comparisons should be based

on samples of regular and special classes from the same

schools or locations.

For the practitioner, these results suggest that

the teacher of brain damaged children probably faces the

same range of individual differences (cognitive and be-

havioral) as teachers of other kinds of classrooms. The

foregoing statements recognize the need for empirical docu-

mentation of the actual phenomenological conditions of

classroom similarity and diversity. Once such descriptive

data have been secured, investigation of the teacher be-

haviors and instructional variables that optimize learning

under conditions of varying classroom composition would be

feasible.

In this connection, current attempts at mainstreaming

exceptional students can be conceptualized in terms of

their effect on classroom composition. Such procedures

are commonly expected to produce even greater heterogeneity

than exists under present conditions. The methodology

employed in this study could be used in a before-and-after

type design to document the actual effects that various

mainstreaming approaches have on the cognitive and behavioral

composition of the classrooms into which these students are

integrated.
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Chapter 13. Predictive Value of IQ Scores for

Growth in Academic Achievement

The predictive value of intelligence data for aca-
-

demic achievement is characteristically reported as high.

However, these relationships are invariably based upon

omnibus IQs without reference to the components of intel-

ligence si as may be provided by the Verbal and Per-

formance portions of the WISC or the various subtests of

the PMA. Certainly, some components of intelligence are

more closely related to achievement than are other aspects.

Frequently, the reports are based upon a simple

correlation between level of performance on an intelligence

test and level of performance on an achievement test at a

given point in time. Of course, such studies cannot deal

with the important issue of how much progress is represented

in a given achievement score over the ptous year's

achievement score. Attempts to deal with this issue

inevitably bog down in the muddy waters of measuring change.

None of the statistical procedures presently available are

accepted by al.' concerned with the issue. In fact, Cronbach

seriously questions whether we should even attempt to

measure "change."
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The following study is concerned with the relation-

ship of aspects of intelligence to aspects of academic

achievement. More specifically, it is concerned with the

relationship of the verbal and performance aspects of

intelligence to reading and arithmetic achievement. In

addition, it was possible to relate the results of indi-

vidual PMA subtests with reading and arithmetic achievement.

Finally, since these children had been re-tested in academic

achievement over a four year period, it was possible to

relate intelligence components with the academic progress

made from year one to year two, year two to year three,and

year three to year four.

Methodology

A procedure suggested by Cronbach and Furby (1970)

was employed to determine whether brighter S's, as measured

by the WISC and PMA subtests demonstrate greater yearly

change (growth) than less bright S's in MAT reading and

arithmetic achievement.

The procedure requires the examination of the

correlation (p) between the "true" difference (a,) of two

measures (YcI - K) with an independent viiab1e, say, I.

Thus, the issue of change or growth is examined without

estimating change scores for individuals. The latter ap-

proach is unsuitable primarily because such scores are
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systematically related to any errors of measurement. See

Cronbach and Furby (1970) for a more complete discussion

of this issue.

In this particular study, Dwas defined as the

difference between MAT reading or arithmetic achievement

over adjacent pairs of years during which the study was

conducted; that is, differences in achievement between

year two and year one, year three and year two, and

finally, year four and year three. The I's correlated with

each D, was defined as either the verbal or performance

sub-scale of the WISC or the perceptual,numerical, spatial,

or reasoning subtests of the PMA. The I's collected during

year one of the study were correlated with the Ds between

year two and year one, year three and two, and finally year

four and three. I's collected during year two were cor-

related with D 's between year three and two, and year four

and three. And finally, I's from year three were related

to D 's between year four and three.

The correlations were obtained directly from the

co-variances of the achievement measures with each of the

I's of interest. This co-variance takes the form

[1] D 0.21. Y 'd Ar

1
The co-variances were not provided by program out-

put, but were generated from the available correlational
matrix as follows:

= /2
I .YI Y I, and .

= /XI 4X Crl.
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where Y represents, say, MAT reading collected during year

two, X represents, say, MAT reading collected during year

one, and I, say, represents WISC (V) collected during year

one.

[2]

To obtain the correlation coefficient ),

is divided by 6-.0 and 6.;, where

"rn
000 =

2 1x0,4 ory043

A positive correlation ( p) would suggest that

brighter S's gain in achievement at a faster rate than do

less bright S's for the adjacent pair of years being ex-

amined. A negative correlation would suggest that the

brighter S's have already mastered the level of achievement

being tapped by the test that the less bright S's have yet

to master. This means that the less bright S's may make

larger gains over the pair of years being examined--gains

that the brighter S's have previously made. At the same

time, the absolute value reflects the magnitude of the

change or growth.

Positive and negative elements are also likely to

be a function of any "ceiling" effect on the achievement

tests under consideration. That is, a test that is diffi-

cult or one that permits a great range of achievement to be

demonstrated will be more likely to generate positive values

because it possesses the potential for permitting the
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brighter S's to show achievement or gain. On the other

hand, a relatively easy test or one with a restriction in

the level of conceptual achievement i: taps will be more

likely to permit growth by the less able S's resulting in

negative relationships.

Results

Table 128 contains the correlations (p ) between

each of the independent (I) or predictor measures with the

difference (Al%) in achievement in reading and arithmetic

computation over the Pairs of years of the study.

The overall results suggest that reading growth is

somewhat more predictable in an absolute sense than is

growth in arithmetic achievement as measured by the two MAT

subtests. There are 16 significant p's involving reading

achievement whereas there are only 7 involving arithmetic

computational achievement. Since all correlations involving

reading achievement are positive, it would appear that the

brighter S's as defined by specific I measures do show

greater growth in this area of achievement than their less

bright counterparts. The best predictors, not surprisingly,

appear to be either one or a combination of the following

three: PMA (R), PMA (V) and WISC (V). There is also some

indication that one I measure, in particular, the PMA (R)

subtest collected during the first year of the study will

456



332

predict subsequent growth in MAT reading achievement from

year two to three as well as from three to four about as

well as the same measure collected during those later years.

This suggezts considerable stability in the differential

growth pattern favoring the brighter S's on this particular

measure of achievement.

However, the occurrence of both positive and nega-

tive correlations in the case of MAT arithmetic computation

achievement suggests that growth favoring brighter S's

during one pair of years,being examined is followed by

greater growth by the less able S's during the following

pair of years. That is to say, growth in arithmetic compu-
.

tation achievement does not appear to be as stable as reading

achievement for either the brighter or less bright S's.
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Table 128

Correlations (p ) Between Independent Measures (I)

and Growth or Differences (Dc.2) in MAT Reading and

Arithmetic Computation Achievement

Independent
Measure (I)

Differences (Dco)

MAT Reading MAT Arithmetic
Computation

Yr 2-
Yr 1

Yr 3- Yr 4- Yr 2- Yr 3- Yr 4-
Yr 2 Yr 3 Yr 1 Yr 2 Yr 3

Year
One

WISC(V)
WISC(P)
PMA(V)
PMA(P)
PMA(N)
PMA(S)
PMA(R)

.30*

.03

.16

.20

.24

.13

.02

.44* .23 .36* -.10 -.06

.38* ,07 .41* -.18 .28*

.39* .13 .24 -.33* .08

.21 .13 .16 -.16 .04

.30* .03 .42* -.04 -.04

.31* .06 .18 -.01 .11

.63* .52* .13 .19 -.03

Year
Two

WISC(V)
WISC(P)
PMA(V)
PMA(P)
PMA(N)
PMA(S)
PMA(R)

.32* .23

.17 .12

.57* '.12

.25 .21

.20 .27*

.29* .07

.42* .29*

.09 -.23
-.08 .10
-.44* .02
.58* .11

-.07 .06
-.06 .05
.04 .03

Year
Three

WISC(V)
WISC(P)
PMA(V)
PMA(P)
PMA(N)
PMA(S)
PMA(R)

.22

.12

.27*

.18

.08

.07

.64*

-.08
.09
.03
.10
.07
.13
.03

Note. The sample size (N) for the variables involved in the
above correlations varied considerably from 210 for
the WISC (V) and (P) during year one down to 40 for
MAT Arithmetic Computation for year one. In order to
insure conservative estimates of the significance of
the ()IS, values were tabled based on a sample size of
40, the smallest N for any variable.



Chapter 14. Prediction of Reading Abilities

The prediction of reading achievement was the con-

cern of the following statistical analysis. The spec -ic

question raised was which of three sets of independent

variables is the best predictor of a set of criterion mea-

sures or, to what extent can reading achievement be accounted

for by a series of independent measures.

The criterion measure was reading achievement. It

was defined as the set of Metropolitan Achievement Test

(MAT) grade equivalent scores in reading and word knowledge

from the fourth year of data collection. The sets of inde-

pendent or predictor variables consisted of cognitive,

demographic andaffective measures obtained in the second

year of data collection. The set of cognitive variables

was defined as WISC verbal,WISCperformance and Draw-A-Man

scores. The set of demographic variables was defined as

sex, age and socio-economic-status (SES). The set of

affective variables was defined as scores obtained on the

Rutter Behavioral Checklist (anti-social and neurotic cate-

gories) and the Quay Behavioral Checklist (conduct, per-

sonality and immaturity categories).
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A stepwise multiple regression and canonical correla-

tion analysis was used to look at the relationships among

the above sets of measures. These analyses are multivariate

techniques which permit the examination of multiple mea-

sures of a given number of individuals.

Any number of regression models can be used when

attempting to account for achievement in reading. In the

present investigation the foll6wing regression models were

used. (See regression models 1 and 2 on p, 336).

In multiple regression analysis, many independent

variables are used to predict a dependent variable. The

method and calculations are done in a manner to give the

"best" prediction possible, given the correlations among

all the variables. The result of the calculations yield a

value which tells how "good" the prediction is and approxi-

mately how much of the variance of the criterion measure.

(in this case reading achievement) is accounted for by the

"best" linear combination of the independent variables

(:',%telligence; demographic and affective measures).

The regression analysis of data containing more than

one dependent measure as well as several independent mea-

sures is called canonical correlation analysis. In canonical

correlation, a linear composite for the independent variables

and a linear composite for the dependent variables are

formed. The correlation between these two composites is the
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REGRESSION MODEL 1

Achievement Cognitive Affective Demographic

Set Set Set Set

...

Rutter Anti-Social Sex

Word Knowledge WISC-verbal Rutter-neurotic

= WISC-performance + Quay Conduct -I. Age

Reading Draw-A-Man Quay Personality

Quay Immaturity SES

REGRESSION MODEL 2

Achievement Cognitive Demographic Affective

Set Set Set Set

Word Knowledge WISC-V

= WISC-P

Reading Draw-A-Man
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Sex Rutter Anti-Social

Rutter-neurotic

Age Quay Conduct

Quay Personality

SES Quay Immaturity

CI1
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canonical correlation. It is the maximum correlation pos-

sible given the specific sets of data. Multiple regression

analysis is a special case of canonical correlation

(Kerlinger, 1973).

A step regression method was used to program the

multiple regression analysis. The procedure involves the

following steps: The set of independent variables that has

the highest correlation with the set of dependent variables

is selected first. Then the set of independent variables

that, after the first set of variables, contributes most

to the variance of the criterion measures is selected.

This computation is evaluated. That is, the contribution

of the first set of variables had it been entered second is

examined. The set of variables is then dropped if its

contribution is not statistically signfficant. The process

continues until a statistical test of significance is ob-

tained for a set of variables which does not contribute

significantly to the shared variance"

Procedure

Sample Selection

Of the 177 children in the fourth year of the study,

155 children for whom complete data were available were

selected for the present analysis. Approximately 74% of

the 155 children were boys.
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Measuring Instruments

The Goodenough-Harris Draw-A-Man requires the child

to "make a picture of a man." It is administered indi-

vidually in approximately ten minutes. There is a lack of

substantial information about test-retest reliability and

correlations with other intelligence measures. However,

reported correlations between test-retest range from .60

to .70. Interrater reliability ranges from .80 to .96.

Correlations between the Goodenough and the Stanford Binet

range from .36 to .65 (Dunn, 1972).

The Wechsler Intelligence Scale for Children (WISC)

is a stable, general purpose, individually given intelli-

gence test. It is considered a useful and valid measure of

imme4ate or present mental functioning (Osborne, 1972).

Fraser (1959) reports reliability coefficients for the

verbal subscale as high as .88 at age 7-1/2, .96 at age

10-1/2, and .96 at age 13-1/2. For the performance sub-

scale, reliability coefficients are reported as .86 at age

7-1/2, .89 at age 10-1/2 and .90 at age 13-1/2. Full-scale

reliability coefficients are reported as .92, .95, .94.

The WISC and the Stanford Binet correlate fairly high,

.80, and differ little on their ability to predict academic

attainment.

The Rutter Behavior Scale, used in the assessment

of children's behavior, consists of 26 statements of
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behavior to which a teacher responds by checking "certainly

applies," "applies somewhat," or "doesn't apply" about a

specific child. The responses are scored 2, 1, or 0

respectively, producing a total score which ranges from 0

to 52. A "neurotic" subscore is obtained by summing the

scores of items 7, 19, 17 and 23; an "anti-social" subscore

is obtained by summing the scores of items 4, 5, 15, 19,

20 and 26. Rutter (1967) reports a retest reliability coef-

ficient of .89 and inter-rater reliability coefficient of

.72. The test has been successfully used in differentiating

children with neurotic or anti-social disorders.

The Quay Behavior Problem Checklist is a factor

analytically derived three-point rating scale for 55 fre-

quently occurring problem behavior traits in children and

adolescents. The behavior problem dimension measured by the

checklist are conduct disorder, personality disorder,

inadequacy-immaturity and subcultural (socialized) delin-

quincy. Using an early form of the Checklist, Peterson

(1961) found inter-teacher reliabilities of .77 for the

conduct problem dimension and .75 for the personality prob-

lem dimension. Quay and Quay (1965) obtained ratings from

two teachers on a subsample of seventh and eighth graders.

The inter-teacher correlations for the seventh grade group

were .58 for conduct problem and .31 for personality problem;

for eighth graders, the correlations were .71 and .22
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respectively. Quay, Sprague, Shulman and Miller (1966)

obtained ratings from both parents.and teachers on a sample

of children who were clients of a child guidance clinic.

The correlations between parents were .78 for conduct

problem and .67 for personality problem.

The Metropolitan Achievement Tests (Reading) is

not purported to be a diagnostic inEtrument. It does offer,

however, possibilities for analys4_s of weaknesses and

strengths for given individuals and classes. Reliability

for each subtest is reported as .79 to .96 (Robinson,

1965). Measures of validity have been obtaineei through

study of curricula and reneated experimentation. The test

yields three scores at the primary level: word knowledge,

word discrimination and reading. Two scores, word knowl-

edge and reading, are obtained at the upper levels of the

test. Results are reported in grade equivalents, per-

centiles and stanines.

Statistical Procedure

As previously stated, a stepwise multiple regres7

sion and canonical correlation analysis was done on the

independent and dependent measures.

fhe regression models presented the independent

variables in their most logical order. The contribution

of cognitive variables,.assumed to be the most predictive

variable in achievement, was examined first. The affective
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set of variablp,1 was examined second. Behavioral disorders

might be expected to interfere with academic achievement.

The demographic SP+' of Va. iables was examined last. The

second regressic .1oL ±1 reversed the order of demographic

and affective varie sets. That is, the cognitive set

was still examined first, however, the demographic set was

examined second and the affective set examined last.

Results

The means, standard deviations and ranges of pre-

dictor and criterion variables are presented in Tables 129

through 132

The mean age of the sample, 11 years, approximates

sixth-gade placement. However, when looking at the mean

reading and word knowledge grade equivalent scores, one can

say thatmost of the children were about two years below

6th grade reading achievement. Although the range of

reading and word knowledge grade equivalent scres was

wide--approx*mately a 9-year span--the sample is clearly

group which can be labeled "retarded readers."

The scores obtained

between a moderate level of

intelligence. However, 'he

iPdicating that most of the

on the cognitive measures range

retardation to above average

scores are negatively skewed

children were functioning on an

intellectually retarded level, fallinc within the educable

level of retardation.
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Table 129

Grade Equivalent Scores for 4th Year Reading Achievement
' for

Total Sami_de (N=155)

SD Range

Word Knowledge 4.2 2.2 1.5 - 10.0+

Reading 4.0 2.1 1.0 10.0+

Table 130

Demographic Data Obtained in the 2nd Year
for

Total Sample. (N=155)

SD Range

Age 11.16 4.97 7.3 - 13.7

SES* 3.7 1.) 1 - 7

Table 131

Cognitive Scores Obtained in the 2nd Year
for

Total Sample -(N=155).

SD Range

WISC-Verbal 78 13.45 46 - 118

WISC-Performance 79 16.80 40 120

Draw-A-Man 78 13.32 54 111

*Scoring .7:ategories based on Warner, Meeker and Eells (1949).
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Table 132

Affective Scores Obtained in the 2nd Year
f r

Total Sample (N=155)

SD
Possible
Range

Actual
Range

Rutter Anti-Social 2.3 2.S.', 0-13 0-12

Rutter-Neurotic 1.6 1.8 0-8 0-8

Quay-Conduct 5.4 55 0-34 0-17

Quay-Persc.nality 4.8 3.7 0-28 0-14

Quay-Immaturity 2.1 2.1 0-16 0- 7

The mean scores obtained on the affective meastxes

indicate that the sample as a gioup did not e:.&::.bit sevzsre

behavior disorders as measurs.d by th9 Rutter and Qoay Be-

havior Checklists.

In summary, the sample appeared to consi s*. of chil-

dren who were intellectually retarcec and bel.::w grade

. expectation in reading achievement. The sample .as a group

did not seem to have s vere behavior disorders. However,

some of the children did obtain a maximum score on the

affective measures (the Rutter Checklist) indicating that

at-)ical behavior was oresent to some degree.

The intercorrelations of independent FI:1 dependent

variables is presented in Table 133 and the results of
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Table 133

Intercorrelation Matrix For Principal Variables

1 2 3 4 5 6 7 8 9 10 11 12 13

Nnowledge 1.0 .82 .01 .u5 -.04 .56 .25 .22 -.13 -.04 -.05 .00 -.09

ling 1.0 -.03 .43 -.10 .42 .38 .05 -.16 -.09 -.06 -.10 -.14

1.0 -.13 .13 .17 .12 .19 .17 -.09 .12 .02 .17

1.0 -.17 -.33 .19 -.41 -.05 -.10 -.08 -.13 -.12

1.0 .03 .05 .26 .17 -.04 .07 .05 -.04

:-V 1.0 .49 .53 .09 -.04 .17 -.05 -.03

;-P 1.0 .40 .09 -.20 .04 -.15 -.21

7-A-Man 1.0 .13 -.10 .03 -.07 -.09

:er Anti-
Social 1.0 .31 .81 .17 .24

:er-

Neurot:;,c 1.0 .39 .60 .31

-Conduct 1.0 .27 .34

-Personality 1.0 .49

-Immaturity 1.0

471



Table 134

345

Univariate and Multivariate Analysis
For Model 1

Source Multivariate F
-Univariate F and Percentage of
variance accounted for in
dependent variables

Word Knowledge Reading

Cognitive
Set

WISC-V
WISC-P
Draw-A-Man

Affective
Set

MF =19.94*
6,300

M1110,290=1'75

F 3,151=23.65*

32%

F5,146
= 1.78

F3,151=19.36

28%

,=F5146 1.88

*

4% 4%

Rutter Anti-Social.
Rutter-Neurotic
Quay-Conduct
Quay-Personality
Quay-Immaturity

Demographic MF
6,284

:.17.57* F
3,143

= 7.31** '1,143
=32.24*

Set
9% 27%

Sex
Age
SES

* p < .0001

** p < .0002
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fitting the regression model(s) to the achievement data is

presented in Table 134.

The results suggest that 32% of the variance in word

knowledge and 28% of the variance in reading can be ac-

counted for by the cognitive measures. The demographic

data account for 9% and 27% of the variance in word knowl-

edge and reading achievement respectively. Both percentage

values were statistically significant.

The affective measures accounted for only 4% of the

variance in both word knowledge and reading achievement. This

percentage value did not reach statistical significance.

Schematically, the percentages of variance in reading

and word knowledge achievLaent accounted fc- by cognitive,

demographic and affLctive data sets are as follows.

Word Knowledge

4.10 Gr.11-7.1../!...'r

fe.
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The differential effect of demographic set on

reading achievement (27%) and word knowledge (9%) appears to

be due to age. The intercorrelation between age and reading

was .43. The relationships between the other demographic

variable and both achievement measures were minimal.

The obtained results are based on regression model

1. When the variables were entered in the reverse order,

the same values were obtained for the data sets. Therefore,

all results reported are based on regression model 1.

Discussion

Of the sets of variables used to predict reading

achievement in the present investigation, the cognitive

and demographic sets acconnted for most of the variance in

both word knowledge and reading. The affective set accounted

for ,rirtuaill.y none of the variance in either word knowledge

or reading. Therefore, the regression model which best

explains reading achievement in the present investigation is

the following.

Achievement Cognitive Demographic
Set Set Set

Sex
Word Knowledge WISC-V

= WISC-P Age + Unknown
Reading Draw-A-Man

SES
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It will be recalled that the cognitive measures used

in the present analysis were obtained two years prior to the

achievement scores. The cognitive measures thus seem to be

good predictors of later achievement. Verbal, performance

and perceptual-motor (drawing) deficit accounts for almost

one-third of the variance associated with retardation in

reading and word recognition two years later.

A complex finding is the difference in the relation-

ship between the demographic variable set and Reading on one

han, and Word Knowledge on the other--the former . relation-

ship being much higher than the latter. Of the variables

that made up the demographic set, age (as -ompared with SES)

clearly had the most significant relationship with MAT

Reading However, a similarly strong relationship does not

seem to exist between age and Word Knowledge. MAT Word

Knowledge and MAT Reading apparently tap different skills.

Word Knowledge probably requires more specific skills. The

child is given only one sentence or one picture to which he

must respond. In the Reading subtest, the child is pre-

sented with many sentences and sometimes a drawing to which

he makes a response. Thus, the Reading subtest contains

more cues for the child to draw upon when making a response.

It is therefore possible that the child with a specific

reading disability might have more opportunity to compensate

for his deficit on the Reading subtest thDn on Word Rnowledge.
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Thus, differences in task demands may underlie the difference

in the relationship between the two reading measures and age.

In addition, the term "age" is itself an ambiguous global

term encompassing something called "experience." However,

the nature of that experience is hardly explained by knowing

how many years a person has lived. Experience, in turn, may

be a better predictor of a comprehensive and non-specific

test of reading ability than of such relatively specific

skills as word knowledge.

In summary, reading achievement can best be explained

by the cognitive set of verbal, performance and perceptual

skills and the demographic factor of age. Affective or be-

havioral variables did not seem to contribute significantly

to achievement in reading in this study. In addition to the

contribution of these sets of variables there remains a

large portion of unexplained variance in both the specific

task of word knowledge and the more general task of reading.
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